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PREFACE  TO  THE  FIRST  EDITION. 


The  work,  which  I  here  lay  before  the  Public,  constitutes  an 
mbridgement  of  the  Lectures  on  Heat  and  Electricity^  which 
I  annually  deliver  in  the  College  of  Glasgow,  as  a  necessary 
introduction  to  the  elements  of  Chemistry ;  and  which  con- 
stitute about  a  third  part  of  my  usual  course.     Many  of  the 
students  have  been  in  the  habit  of  applying  to  mc  to  point 
out  to  them  a  work  in  the  English  language  in  which  they 
could  find  the  different  topics  which  I  am  in  the  habit  of  dis- 
cussing and  illustrating.     But  I  found  myself  at  a  loss  for  any 
work  exactly  suited  to  the  objects  in  view.     We  have  many 
excellent  books  on  Heat ;  but  few  or  none  of  them  embrace 
all  the  topics,  which  the  present  state  of  chemistry  renders  it 
necessary  for  me  to  introduce  into  my  Lectures.    I  wa^  there- 
fore under  the  necessity  of  mentioning  a  variety  of  books, 
some  more,  and  some  less  easily  accessible,  and  which,  there. 
fore,  it  was  not  always  in  the  power  of  the  students  to  procure 
when  they  wanted  them. 

As  for  Electricity,  we  have  many  books  which  give  a  popu- 
lar view  of  the  science,  and  not  a  few  which  convey  very  ac- 
curate information  respecting  the  mode  ofmaking  experiments 
and  which,  therefore,  are  of  considerable  value  to  the  teacher ; 
but  we  look  in  vain  for  any  book  in  the  English  language 
which  conveys  a  tolerable  notion  of  the  present  state  of  that 
important  science. 


Vlll  PRBFACB. 

It  was  to  remove  thin  inconvenience,  which  has  been  long 
felt  and  complained  of  by  students,  that  I  have  been  induced 
to  draw  up  the  present  work.  It  will  hereafter  serve  as  a 
text-book'  to  the  students  of  chemistry  in  CHasgow  CoUeirr, 
as  it  contains  an  epitome  of  all  the  different  topics  which  I  dis- 
cuss, and  all  the  tables  to  which  I  refer  in  the  first  part  of  my 
course ;  and  I  flatter  myself  that  the  penij^al  of  it  will  render 
my  lectures  hereafter  more  easily  understood  and  remembered, 
than  when  the  students  had  no  text-book  to  have  recourse  to. 
I  have  been  at  {lains  to  treat  of  every  thini;:  in  the  plaines^t 
and  simplest  manner ;  that  no  difficulties  in  understandtnir  it 
might  occur  even  to  those  students  whose  previous  education 
has  been  the  most  imperfect.  I  have  hopes  also  that  it  may 
be  found  worthy  of  the  attention  of  students  of  chemistry  in 
general,  as  it  contains  as  accurate  a  view  of  the  important 
sciences  of  A^tf  and  electricity  as  my  knowh^lge  of  these  sub* 
jects  enabled  me  to  give. 

'ITie  present  volume  may  be  con:*iclcrcd  as  a  new  and  en- 
larged edition  of  the  first  172  pages  of  the  fir»t  volume  of  my 
Syiiein  of  ChemiMtry.  'Y\\c  second  part,  on  lUectriciiyy  is 
published  to  fulfil  a  promise  which  I  irave  to  the  public  many 
years  ago.  I  have  withheld  it  thus  lon^  from  an  unwiirnign«'S!» 
to  encroach  beyond  what  is  absolutely  necessary  on  the  jiecu- 
niary  resources  of  the  students.  This  second  {uirt.  instead 
of  an  abridgement,  constitutes,  in  f.ict,  an  extension  t»f  my 
lectures  on  electricity.  In  the  College  of  (tla>irow  the  scienre 
of  electricity  l>elongs«  not  to  the  Pmfessor  of  (*hemii*try«  but 
to  the  Professor  of  Natural  Philosophy.  This  indurrs  nu* 
to  confine  my  observations  on  it  to  those  branches  only  that 
are  most  intimately  conmn^ted  with  ( 'heuii^trv .  Hut  I  coti- 
ceivo  that  the  connexitm  between  Ehvtricitv  and  (  neiniatrv 
is  now  so  chise,  tliat  it  is  im|N>ssibIe  to  Ih»  ni:i.<»tcr  uf  the  latter 
without  beini;  at  legist  a(*<|u;iinted  with  the  principle 4  of  t!;t* 
former. 

It  may  In*  propiT  to  mention,  that    1  am  prewar  In*:  f«>r  tin* 
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press  as  complete  a  view  as  I  can  draw  up  of  the  simple  sub- 
r,  and  their  primary  and  secondary  compounds,  to  serve 
a  text-book  for  the  last  two-thirds  of  my  course.     This  will 
be   followed  with  as  little  delay  as  possible  by  a  work  on 
Mineral  Waters,  Mineralogy,  and  Geology.     Another  work 
on   Vegetabk  Chemistry,  and  another  on  Animal  Chemistry, 
will  complete  my  plan.     For  in  order  to  accommodate  the 
students  as  much  as  possible,  I  mean  to  divide  my  System  of 
Chemistry  into  five  separate  works ;  the  first  two  of  which, 
consisting  of  three  volumes,  will  be  sufficient  for  those  who 
are  beginning  to  study  the  science.     Those  who  wish  to  de- 
vote  themselves  to  the  particular  departments  of  chemistry 
will  find  the  requisite  information  in  the  other  three  works. 


PREFACE  TO  THE  SECOND  EDITION. 


Thb  discoyeries  made  in  Heat,  and  especially  in  Elbctri- 
ciTY,  since  the  publication  of  the  former  editions  of  this  work, 
have  been  so  numerous,  that  a  great  many  additions  have  been 
made  to  both  parts  of  this  little  volume.  No  fewer  than  six 
additional  chapters  have  been  added  to  Electricity.  This 
would  have  swelled  the  work  to  a  size  inconsistent  with  an 
elementary  treatise.  But  this  has  been  prevented  by  reduc- 
ing the  size  of  the  type ;  which  has  enabled  us  to  increase  the 
matter  in  the  volume  by  nearly  one-third,  without  augmenting 
the  bulk  of  the  volume. 

It  may  be  right  to  state  that  the  promises  given  in  the  last 
paragraph  of  the  preface  to  the  first  edition  of  this  work,  have 
been  nearly  all  fulfilled.     A  treatise  on  Inorgafiic  Chemistry , 
in  two  Tolumes ;  a  treatise  on  Mineralogy  and  Geology^  in  two 
Tolumes ;  and  a  treatise  on  Vegetable  Chemistry^  in  one  large 
Toliune,  have  been  already  published.     Nothing  is  now  want- 
ing to  complete  the  subject,  but  a  volume  on  Animal  Chemistry ^ 
which  I  am  at  present  drawing  up. 
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INTRODUCTION. 


Onb  of  the  earliest  attempts  at  theorizing  in  chemistry,  was 
to  esLplain  the  nature  of  combustion.     It  was  this  which  gave 
celebrity  to  Stahl  as  a  chemist,  who  ascribed  yir^  to  the  escape 
of  phlo^ston  from  the  burning  body.     One  of  the  most  con- 
accompaniments  of  fire  is  heaL     Hence  chemists  were 
ly  led  to  study  the  phenomena  of  heat.     In  Boerhaave's 
Chtmdtiry  we  find  fire  treated  of  at  great  length,  and  even 
various  speculations  and  some  curious  experiments  on  heat. 
But  in   Lemery's  Chemistry,  Neumann's  Chemistry,  and  even 
Wilson's  Chemistry,  published  towards  the  end  of  the  17th  and 
lung  of  the  18th  century,  no  notice  whatever  is  taken  of 
The  subject  seems  to  have  engaged  the  attention  of 
Dr  CttUen,  while  lecturing  on  chemistry  in  the  University  of 
at  least  it  formed  a  prominent  and  one  of  the  most 
parts  of  Dr  Black's  lectures^  who  was  his  successor 
%odi  in  Glasgow  and  Edinburgh. 

Ever  since  the  time  of  Dr  Black,  the  doctrine  of  heat  has. 

keen  treated  at  considerable  length  by  all  teachers  of  chemistry, 

el  least  in  Scotland.     The  subject  b  important,  and  as  it  is 

Bot  treated  by  any  other  professor  in  our  Universities,  the 

FtafesBor  of  Chemistry  has  scarcely  any  other  alternative  than 

to  explain  it  to  his  students.     It  would  be  better  if  a  new  chair 

vere  constituted  in  each  of  our  Universities,  and  that  it  should 

he  the  province  of  him  who  fills  it  to  explain  the  principles  of 

lighi^  ekctridiy^  and  magnetism.     This  chair  exists  in 

Unirersities  on  the  Continent,  at  least  in  France,  and  this 

t  branch  of  science  is  distinguished  by  the  name  of 

\gmgue. 

The  science  of  chemistry  occupies  at  present  so  vast  a  field, 
it  it  is  impossible  to  embrace  every  part  of  it  in  a  six  months' 
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course.  It  will  be  absolutely  necessary,  before  lon^«  to  leare 
out  the  consideration  of  heat  altogether.  The  consequence 
will  be,  that  unless  a  chair  of  pkygique  be  established  in  our 
Universities,  the  alunuii  educated  at  them  will  cease  altofrethcr 
to  receive  any  information  respectin^^  one  of  the  most  impofw 
tant  branches  of  science. 

What  has  been  said  of  heat  applies  equally  to  ekctricUp^  now 
so  closely  connected  with  chemistry,  that  every  chemist  must, 
as  a  matter  of  course,  make  himself  acquainted  with  its  princi- 
ples ;  but  at  the  same  time  so  extensive,  that  it  is  impbasiUe 
for  a  Professor  of  Chemistry  to  dwell  upon  it  at.sdlBcieBt 
length. 

The  object  of  the  present  work  was  to  lay  an  outline  of 
the  most  important  doctrines  of  keai  and  deetricUy  before  the 
chemical  reader.     Since  the  publication  of  the  first  edition,  io 
1830,  considerable  advances  have  been  made  in  both 
branches  of  science.      I  have  endeavoured   in  the 
edition  to  introduce  these  new  facts,  and  to  lay  the 
state  of  our  knowledge  respecting  both  branches  of 
before  the  reader.  I 

The  treatise  of  course  is  divided  into  two  parts.  In  the 
first  part  I  shall  treat  of  ketUy  and  in  the  second  of  dedrkUifm 


PART  I.— OF  HEAT. 


Ths  word  heat  in  the  English  language  is  used  to  express  two     Part  ]. 


different  things.  It  sometimes  signifies  a  sensation  excited  in  Meaning  of 
organs,  and  sometimes  a  certain  state  of  the  bodies  around  heau*"^™ 
in  consequence  of  which  they  excite  in  us  that  sensation. 
Tlie  word  is  used  in  the  first  sense  when  we  say  that  yrefeel 
;  and  in  the  second  when  we  say  that  there  i^eat  in  the 
In  chemistry,  the  word  heat  is  always  employed  in  the 
of  these  significations.  It  denotes  that  state  or  condition 
^a  body  by  which  it  excites  in  us  the  sensation  o/heat. 

When  the  French  chemists  contrived  the  new  Chemical  Caloric^ 
Nomenclature  in  1787,  they  thought  that  it  would  be  advanta- 
Mooa  to  possess  a  distinct  word  for  each  of  these  two  mean- 
ii^.  Accordingly  they  restricted  the  word  heat  to  the  sensa^ 
tion,  and  inrented  the  term  caloric  to  denote  the  cause  of  this 
•ensation,  or  the  condition  of  bodies  by  which  that  sensation 
is  produced.  This  innovation  was  unnecessary,  and  it  had 
the  effect  of  fixing  down  the  opinions  of  chemists  to  the  hypo- 
diesis  respecting  heaty  adopted  by  the  contrivers  of  the  new 
nomenclature;  namely,  that  In -at  is  not  n  pmp&rfy  of  matter, 
hot  a  peculiar  substance ;  although  no  evitiencc  sufiiciently 
decisive  to  settle  this  disputed  point  has  hitherto  been  advanced. 

Heat,  whether  it  be  a  substance  or  a  quality,  is  exceedingly  Heat  rery 
communicable  from  one  body  to  another.  If  we  take  a  lump  J^J^j,""/ 
of  hot  iron  out  of  the  fire,  we  cannot  prevent  it  from  communi- 
cating its  heat  to  all  the  bodies  in  its  neighbourhood.  If  a 
ki  body  be  placed  in  contact  with  colder  bodies,  it  communi- 
cates heat  to  them,  and  continues  to  do  so  till  all  the  bodies 
be  reduced  to  the  same  temperature.  If  a  cold  body  be 
laced  in  the  midst  of  hot  ones,  it  receives  heat  from  them, 
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INirt  I.  and  continiici)  to  do  so  till  tlu*v  arc  nil  rodiiced  to  the  ^ame 
temporatiiro.  The  roininun  opinion  is,  that  in  all  such  raan 
the  hot  InmIv  lo9e»  nomethinti^  which  the  cold  hmly  imbibes  ; 
and  thi4  opinion  has  iM^en  universally  adopted  by  all  those 
who  ha VI*  examined  tlie  suhjcvt  nion*  profoundly.  Accordinij^ 
to  !ion)e  philosophers,  heat  depends  up4m  a  tremor  or  vibraiiom 
exrit«Ml  in  l>oilied :  aeeordin^  to  others,  upon  an  exceedinirly 
MHhiiie  and  acth*e  matter  intrcKlurcd  into  their  jiores;  and 
accordinsr  to  others,  upon  a  vibration  excited  in  a  subiiie  Ma/- 
ter^  which  naturally  exists  in  every  hody,  thouirh,  except  when 
thus  excited,  in  a  state  of  rest. 
Opiiiimi*  IWim  was  the  first  person  who  formally  invest itratetl  the 
h«At.  naturt*  of  he.it.     In  his  treatise  tie  fonna  calidi^  which  he 

offered  to  the  puhlic  as  a  model  of  the  proper  method  of  pr«>» 
scenting  investigations  in  natural  philosophy,  he  enunieratea 
all  the  facts  respe<*tintr  heat  that  were  then  known :  and  endea* 
vours,  from  a  careful  examination  of  them,  to  form  a  well- 
founded  opinion  respei*tinir  its  cause,  llu*  only  conclusion 
which  he  was  ahle  to  draw  from  his  premises,  was  the  very 
fTfueral  one,  that  heat  m  motion.  In  tliis  opinion  Lord  Bacon 
has  Imd  a  irreat  many  folio wcts,  particularly  amon^  the  phik^ 
sophers  of  (ireat  Britain  :  hut  it  has  hci*n  adoptinl  with  tvo 
ilifftTcnt  niiMliticat ions. 

Mr  Boyle  s(*ems  to  have  supposed  that  this  motion  ia  in  the 
small  |Kirticles  of  heated  IxnUcs,  and  that  it  con>ists  in  a  rapid 
vihraYion  of  thesi*  jmrticles.  This  seems  likewist*  to  have  bt*en 
the  notion  entertained  hv  Sir  Isaac  Newton,  as  mav  Ik*  infer- 
red  from  the  queries  at  the  end  of  his  optics.  It  was  also  the 
opiniiui  of  Mr  (^avendish,  and  sC4*ms  likewise  t«>  he  the  view 
f)f  the  suhjcH-t  emhraceil  hy  I)r  Thomns  Ynunir. 

But  the  irreater  numiNT  of  the  French  iind  (icrman  chem- 
ists of  the  last  centur\  ciinceive«l  that  the  motion  in  which 
heat  consists,  is  nnt  a  treuii»r  of  the  jmrticles  of  thi*  hot  b«Hly, 
hut  of  the  particles  of  a  !«uhtil ",  hi&rhly  elastic,  and  penetrating; 
Muid  which  i<i  contaiiu'd  aMi«»iiL'  ifie  pore-«  of  hot  iKuiies,  or 
inter ^|>erM*d  anions'  their  particle.-..  Thi.i  matter  they  con«i- 
i|*T  n<i  ilitfustMl  fhroiitrh  the  wlioli*  llniver^e.  and  a<i  {NTvadiiig 
Mtlli  «'.i"  •  the  !len!»e*t  luMlie*. 
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All  the  knowledge  which  we  possess  or  can  ever  acquire  Sect.  i. 
respecting  heat,  is  that  of  the  different  effects  which  it  pro- 
dnces  upon  bodies;  we  must,  therefore,  before  we  can  be 
prepared  to  form  any  opinion  respecting  the  nature  of  heat, 
tike  an  accurate  survey  of  these  effects.  Now  the  general 
of  heat  are  expasMwn,  fluidity^  vaporization^  ignition^ 
eomUmsOon.  These  will  form  the  subject  of  the  five  fol« 
lowing  chapters.* 


CHAPTER  1. 


OF  THE  FIRST  EFFECT  OF  HEAT,  EXPANSION. 


im  this  chapter  I  shall,  in  the  first  place,  give  an  account  of 
eaptmnoHj  or  that  increase  of  bulk  which  takes  place  when 
bodies  are  heated.  This  will  constitute  the  first  section.  In 
the  remaining  sections  of  this  chapter,  I  shall  treat  of  certain 
yhenomena  of  heat,  the  knowledge  of  which  may  be  considered 
as  directly  derived  from  the  doctrine  of  expansion. 

SECTION  I. — OF  EXPANSION  IN  GENERAL. 

By  expansion  is  meant  an  increase  in  the  bulk  of  bodies, 
vlucb  is  observed  to  take  place  when  they  are  heated ;  while 
is  a  corresponding  contraction  when  their  temperature 
diminidied* 

Bodies  exist  in  nature  in  three  states;  namely,  the  state  of 
or  vapowrs^  the  state  of  liquids^  and  the  state  of  9olid8. 

I  hsTe  adopted,  in  treating  of  heat,  the  arrangement  of  Dr  Black, 

whose  lectures  I  imbibed  my  first  knowledge  of  this  subject.     It  is 

■Bple»  and  seems  to  me  better  adapted  to  the  present  state  of  our 

,  than  the  more  elaborate  method  which  1  followed  in  the  for- 

e<fitions  of  my  System  of  Chemistry. 


HEAT. 


Chnp.  I.    (*oinmon  air  furnishes  a  pood  example  of  a  body  in  the 

0U8  state,  water  of  a  )K>dy  in  the  liquid  state,  and  iroo  of  A 
.    iKxly  in  the  solid  state.     Now  pases  and  vapours  expand  ommC 
when  heated,  liquicb  ex)Mind  less,  and  xolidK  least  of  all  when 
subjected  to  the  same  increasi*  of  temperature. 

1.  An  accurate  knowledge  of  the  rate  of  expansion  of  gaae^ 
K^pantiun  qus  bodies  is  essential  to  their  investigation.  Little  propreaa 
could  be  made  in  deterniininir  their  pro)H'rtie8  or  constitutioo 
till  this  point  was  settled ;  whirh  it  was  soon  after  the  conK 
mencement  of  the  present  century,  by  Mr  Dalton  and^M.  Gay* 
Lurisac*.  llie  expt^iments  of  Mr  Dalton  were  read  to  the 
Philosophical  Society  of  Manchi^ster,  in^  October,  1801,  and 
publishe<l  early  in  1802.*  To  him,  therefort*,  the  honour  of 
discovering  the  law  of  the  dilatation  of  gaseous  bcKlies  must  be 
ascTibtnl ;  for  M.  Gay-Lussacf  did  not  publish  his  dissertation 
on  the  expansion  of  iram*oud  binlies  till  more  than^six  muntha 
after  the  appearance  of  Mr  Dalton*s  papiT.  The  great  source 
of  fallacy  in  exiMTiments  on  the  dilatation  of  air  and  gases  by 
heat,  is  leaving  the  ]M>rtion  experimented  on  in  contact  with 
moisture;  I)ecause  as  the  temperature  increa:«ea,  more  and 
more  of  this  moisture  is  converted  into  vapour,  mixes  with  tbe 
portion  of  gas  under  examination,  and  greatly  increasen  ita 
bulk.  Mr  Dalton  and  M.  Ciay-Lussac,  by  keeping  the  gasea 
experimented  on  dry.,  were  enabled  to  disi^over  that  otf  goMM 
experience  the  same  augmentation  of  bulk  when  subjected  to 
the  same  augmentation  of  teuiptTature. 

Dr  Prout  determined  S4*veral  years  ago  the  ex|MUision  of 
common  air  from  .*)2o  to  (iO-.  His  experiments  are  noi  yet 
published ;  but  he  was  kind  cnouirh  to  favour  me  with  their 
general  n^sult.  Still  m(»re  lately  M.  UudlHTg  has  made 
numerous  and  very  careful  ex|HTinients  upon  the  expansion  of 
drv  air  front  32<=>  to  2 12='.!  I  shall  state  (he  results  obtained 
by  thest*  ex|ieriments. 


*  M<*fiiotr«  of  thr  Kitcrar}-  imd  Philotophicftl  Society  of  ? 

t   Ann.  <Jr  Oiim.  siiii.  I«'i7. 

t    IVttfiffnilorrft  AnniiUn.  tii.  'J7t;  rfiid  sliv.  110. 
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S.  According  to  Dalton,  when   1000  volumes  of  air  are    Sect.]. 


firom  32o  to  212o,  they  become  1325  volumes.     But  Equable. 
he  afterwards  abandoned  this  statement  and  concluded  that 
1000  Tolumes  of  air,  when  heated  from  32o  to  212^,  become 
1376.» 

3*  According  to  Gay-Lussac,  they  become  1375  volumes; 
wUle  Mr  James  Crichton  of  Glasgow,  who  repeated  the  expe* 
with  the  most  minute  attention  to  accuracy,  obtained 
firom  1000  to  1374*8  volumes,  which  differs  very 
fifttle  from  die  estimate  of  Gay-Lussac. 

4.  Dr  Front  found  the  weight  of  100  cubic  inches  of  air  at 
«>  to  be  32*79  grains,  while  at  60o  it  weighed  only  31*0117 
Hence  1000  volumes  of  air  at  32^,  when  heated  to 
60^,  become  1057*34  volumes.  Hence  (supposing  the  expan- 
flion  to  be  equable)  1000  volumes,  if  heated  from  32o  to  212o, 
voold  become  1368*61  volumes. 

ff.  Rudberg's  experiments  were  very  numerous.  He  was 
aft  great  pains  to  dry  his  air  thoroughly,  and  to  determine  its 
bulk  at  32^  and  212o.  The  result  was  that  1000  volumes  of 
at  32o,  when  heated  to  212o,  become  1364*57.  The  least 
in  his  first  set  of  experiments  was  361*7,  and  the 
366*2.  In  his  last  experiments  the  smallest  increase 
364-0,  and  the  greatest  366*4. 
From  the  great  care  with  which  the  experiments  of  Prout 
Rudberg  were  made,  there  cannot  be  any  doubt  that  the 
expansion  of  air  from  32^  to  212^,  as  stated  by  Gay-Lussac, 
m  a  little  too  great.  I  would  be  disposed  to  adopt  the  num- 
ber given  by  Prout,  because  his  experiments  were  made  with 
a  degree  of  care  to  ensure  accuracy  which  could  not  be  ex- 
ceeded ;  but,  as  his  temperature  was  carried  only  to  60^,  I 
aink  it  will  be  right  to  adopt  the  result  obtained  by  Rudberg, 
which  is  the  mean  of  20  experiments. 

The  expansion  for  !<>,  according  to  Gay-Lussac  and  Dalton, 
ia  nn>  ac<^ording  to  Prout,  ^-q^^.j;  and  according  to  Rudberg, 
^y.y.  This  last  number,  or  ^J,,  which  diflFers  very  little 
from  it,  we  shall  consider  as  expressing  the  correct  expansion 
of  dry  air  for  l©  of  Fahrenheit's  thermometer. 

•  New  System  of  Chemical  Philosophy,  i.  19. 


8  HBAT. 

Cb«F»  I.       The  knowledge  of  this  law  gupplies  us  with  an  eaay  method 
of  determining  what  the  hulk  of  a  gas  would  be  at  a  giTOl 
temperature,  provided  we  know  its  bulk  at  any  other  tempers    ^ 
ture,* 

It  is  at  present  the  opinion  of  chemists,  that  air  and  all 
gases  experience  the  same  increase  of  volume  by  the  same  in- 
crease  of  temperature,  at  whatever  previous  temperature  this 
heat  is  applied.  In  other  words,  tliat  the  expansion  of  all  the 
gases  is  equable.  It  is  scarcely  possible  to  demonstrate  the 
truth  of  this  opinion  experimentally,  liecause  we  have  no 
means  of  measuring  temperature,  except  by  expansion.  But 
the  opinion  is  founded  on  very  plausible  reasons :  and  if 
admit  its  truth,  then  the  ex)mnsibility  of  all  liquids  and 
increases  with  the  temperature  to  which  they  are  subjected. 

Gay-Lussac  found  the  expansion  of  sieam  and  of  the  va- 
pour of  sulphuric  ether  the  same  as  that  of  air.  It  has  been 
concluded  from  this,  that  vapours  follow  the  same  law  and 
rate  of  expansion  with  gases ;  and  therefore  that  all  elastic 
fluids  agree  with  each  other  in  this  important  property. 

Mr  Dalton  has  suggested  the  prol>ability  tliat  the  expansion 
of  all  vapours  is  the  same,  rtnrkoning  at  the  same  distance 
from  the  boiling  point  of  each.  Dove  has  pointed  out  a  curi* 
ous  analogy  b«>tween  the  elasticity  of  those  gases  which  can 

^  To  perform  this  reduction  with  accuracy  wc  must  attend  to  the  fol- 
lowing  rulf*  :— 

1.  If  the  temperature  of  the  air  be  32«,  and  we  wi«h  to  know  its  hulk  at 
a  higher  teinpi*nUure.  for  example,  at  OO^.  Subtract  3*i**  from  4!M.  Tbe 
remainder  i«  402.  To  th'is  number  40*2,  add  the  deioves  above  lero  ia- 
djcatin^  the  temperature  of  the  air.  Th<.-«e  are  32  and  00 ;  making  4M 
and  522.  Then  say  494  :  522  : :  b  (liulk  of  air  at  32«)  :  V  (bulk  at  00*. ) 
l^et  b  ss  KM) ;  then  494  :  522  :  :  l(N)  :  105*09  b  Tuluroe  of  air  at  00». 

2.  If  the  two  tem|)eratures  bt*  higher  than  a2o  the  method  is  the  lame. 
K sample,  wanteil  the  vulume  of  air  at  O0»  which  measuns  100  at  50. 

462  +  50  =  512         510  :  520  : :  lOO  :  101  *96  =  toIujmt 
462  +  tiO  =  522         «>f  the  air  at  <U)». 

3.  To  roltire  the  %olume  v  of  a  gas  of  the  temperature  I  to  the  lower 

462 -f  I       ,  .       4H2-l-r 

temperature  i,  multiply  by  ^^j^^-i*     ^'^  I  =  H0»,  r  =•**>*  then  ^^j.^-^^ 

522       2tl  20 

=  -..  =  ...  •»»•*  l'»<»  X  .,-  =:l»0  21H?  ««.|iinie«  at  ^^>  . 

.>I2  It  mt 
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eondiensed  by  pressure,  and  that  of  steam  when  subjected    Sect,  i. 
the  same  pressure.*     It  will  be  worth  while  to  explain  it. 
1.   It  has  been  shown  by  Mr  Faraday,  that  protoxide  o{  Analogy  of 
ote  becomes  liquid  by  the  pressure  of  steam. 

50  atmospheres  at  7^*2  Cent. 

44  0° 


Difference  7°-2 

few,  steam  balances  50  atmospheres  at  265°'9  Cent. 

44  258*^-2 


Difference  7^*7 

difference  between  the  temperatures  in  these  two  cases  is 
*^  and  7<*'7,  very  nearly  the  same. 
2.  Carbonic  acid  becomes  liquid  by  the  pressure  of 

36  atmospheres  at  0^ 
20  —llo-l 


Difference  llo-l 

balances  36  atmospheres  at  226o*4  Cent. 
20  2140-7 


Difference  llo-7 

agsdn  the  differences,  11^*1  and  11^*7,  nearly  agree. 
S»  Muriatic  acid  gas  becomes  liquid  by  the  pressure  of 

25  atmospheres  at  — 3o-9   Cent. 
20  —16^-1 


Difference  12o-2 

balances  26  atmospheres  at  226o-3  Cent. 
20  214°-7 


Difference  11^-6 

4»   Ammoniacal  gas  liquefies  by  the  pressure  of 

6*5  atmospheres  at  10®  Cent. 
5  0 

Difference  10 

*  Poggendorf^s  Annalen,  zziii.  290. 
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cimp.  I.    Steam  balaoces  6*5  atmospheres  at  1 63^*48  Gent. 

5  153^-08 


Kxpniiftiun 
quills. 


r«xpiki 


Difference  1 0^-40 

From  this  remarkable  coincidence  &L  DoTe  infers  that 
reckoning  the  expansion  of  gases  and  vapours  equal  at  the 
same  distance  from  their  boiling  points,  these  gases  would  be* 
come  liquid  under  the  pressure  of  the  atmosphere,  at  the  fol- 
lowing temperatures : — 

€'«aL  FahrtnbeiC 

Protoxide  of  azote  at  —  ISS**  or  — 252**-4 
Carbonic  arid  —146    or —230-8 

Muriatic  acid  —130    or  —202 

Ammoniacal  gas  — 53    or    — 63*4 

The  following  table  gives  the  elasticity  of  these  and  some 
other  gases,  in  atmospheres  at  various  temperatures.  That 
of  steam,  at  the  boiling  ]M)int  of  water,  being  reckoned  unity. 


TcB^    rraioxidc 

lArtoate 

MurUtlc 

A-i-o-iU. 

8al|*iir. 

V.p»r.rj 

(  cnt     oT  Akmt. 

•ad. 

arid. 

CAlfM. 

OttSACid. 

1 

0*     44 

36 

26-H7 

5 

1-6 

0K)07 

5      47-83 

3J^21 

2<^45 

5-68 

1-H7 

0^)09 

10      51-811  1 

42-7(> 

32-23 

6-50 

218 

iH)l2 

15      56-26  ; 

4^r4l  , 

:«-2i 

7-27 

2-53 

IW)17 

20      60iiO  ' 

50-41 

38-41 

8-19 

2il2 

0H)26 

2.  No  such  general  law  exists  respecting  the  expanstbtlity 
of  liquids.  Every  liquid  has  an  expansibility  peculiarly  iU 
own,  and  which  therefore  may  be  calltHl  specific.  All  that 
can  bo  done  therefore,  is  to  determine  the  degree  of  expansion 
which  each  liquid  undergm^s,  when  subjected  to  a  given  in- 
crease of  tem|K>rature.  The  following  table  exhibits  the  dila* 
tation  of  various  liquids,  from  32^  to  212^,  supposing  the  bulk 
at  32<>  to  Ih*  1 . 

Alciiliol*  ..... 

Nitric  arid*  (S|i.  gr.  1-4) 

Whali*  oil  (fn>m  IW  to  212'')  . 

Fi&i*«l  oiU*       ..... 

Sul|>huric  cither*      .... 


(>-ll(MK) 
0-lllNM) 
(H)854H 
(H)8<KX> 
(H)7001> 


At 
i 


t 

I 
\i 

I 
1  i 


*   IKiltcNr^  New  Syitcm  uf  Cb«*iniral  Philu»o|ihy.  i.  -J9. 
f   'llir  t  i|ianftinii  i*  fntiii  h*   t<»  IT'i^*. 
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Oil  of  turpentine 

Sulphuric  acid  (Sp.  gr.  1*85) 

Muriatic  acid*  (Sp.  gr.  M37) 

Briney  or  water  saturated  with  salt  * 

Water* 

Water  from  42<'-5  to  212*>t 

Mercury^ 

Mercury  § 

Mercury  I 

Mercury  5^ 

Mercury  ♦* 

Mercurytt 

Mercury  Xt 


0-07000 
0-06000 
0-06000 
0-05000 
0-04444 
0-04393 
0-018018  = 
0-01758  = 
0-01680  = 
0-01840  = 
0-01852  = 
0-01872  = 
0-02000    = 


»        1 


1 

T4 

iV 

S3~7Tr 

1 


Sect.  1. 


r 


r 


Liquids  differ  from  gaseous  bodies  in  another  circumstance. 
Their  expansibility  is  not  uniform ;  but  the  rate  of  expansion 
with  the  temperature,  and  is  therefore  the  greater, 
higher  the  elevation  at  which  a  given  quantity  of  heat  is 
to  them.  Liquids  differ  from  gaseous  bodies  in  a  very 
kable  circumstance.  The  particles  of  gaseous  bodies 
each  other,  but  those  of  liquids  attract^  as  is  evident  from 
collectiiig  together  in  spherical  drops.  It  has  been  as- 
that  the  force  of  this  attraction  differs  very  much  in 
liquids.  For  example,  it  is  much  greater  between 
particles  of  mercury,  than  between  the  particles  of  water. 
If  ow  these  attractions  diminish  at  a  great  rate,  as  the  distance 
een  the  particles  of  the  liquid  increase.  It  is  obvious 
this  attraction  between  the  liquid  particles  must  act  as  an 
onist  to  the  expansion  produced  by  heat.  Hence,  the 
that  every  liquid  has  an  expansion  peculiarly  its  own ; 
hence  also  the  reason  why  the  rate  increases  with  the 
taaperature.  Every  increase  of  temperature  weakens  the 
attraction  between  the  particles  of  the  liquid,  by  increasing 
Aeir  distance  from  one  another,  and  of  course  must  augment 
die  effect  produced  by  a  given  increment  of  heat. 

•  IMton'i  New  System  of  Chemical  PhilcMophy,  i.  29. 
'f'  Mr  Crichtoo,  Annals  of  Philosophy »  (second  series,)  vii.  244. 
i  Doknig  and  Petit.  §  Hillstrom,  Gilbert's  Annales,  xvii.  107. 

I  General  Roy.    t  Crichton.     **  Shuckburgh,  Lavoisier  and  Laplace. 
ft  L<ml  Charles  Cavendish.  Jt  Dal  ton,  Chemistry,  ii.  289. 
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Accurate  experiments  on  the  rate  of  the  eipansion  of  few 
liqtiitLi  have  been  hitherto  made.  The  following  table  exhibits 
the  rate  of  the  dilatation  of  mercury  for  the  three  first 
tmtte,*  as  determined  by  the  exi>eriment8  of  Duloog 
Petit.t 


DUMallon 
of  Mctmry. 

J»*tf.T 


From  320  to  212°     . 
212  to  392 
392  to  582  j^f^^ 

Water  varies  in  the  rate  of  its  dilatation  more  than  moat 
liquids.  The  following  table  exhibits  the  increase  of  bulk  of 
1  of  water  at  various  temperatures,  from  30 »  to  212^,  as  de- 
termined by  the  experiments  of  Gilpin  and  Kirwan. 


30^  Gilpin 

.     (HK)20 

74<'  GUpin 

•00251 

32   G 

.     (W)012 

79   G       . 

•00321 

34    G 

•00006 

JK)   G       . 

•00491 

39   G 

•00000 

100   G       . 

•00692 

44   G 

•00006 

102    Kirwan 

•00760 

48   G 

•00018 

122    K       . 

•01258 

49   G 

•00022 

142    K       . 

•01833 

54    G 

•00049 

162    K       . 

•02481 

59   G 

.       -00086 

182    K       . 

•03198 

64    G 

•00133 

202    K       . 

•04005 

69   G 

.       -00188 

212   K       . 

•04333^ 

Ifwerecko 

in  the  temperature 

at  which  the  water  h 

las  the  fprcMl^ 

est  specific  p 

avity  with  Hifllstrbm  to  be  39o-38,  t 

the  foUowia^ 

•  By  tbermic 

>  nnit  U  meant  180*', 

or  the  number  of  de 

frees  between 

frceziDfc  and  lioiling  water. 

f  Annals  of  Philotu|>bT,  xiii.  1 IH. 

I  The  following  tabic  exhibit*  the  fpectfic  gravity 
temperatures,  as  deduced  from  the  experiments  of 
differt  somewhat  from  the  table  given  above. 

Taaip.  ftp.  fravily 

50^         .  .  .  l-VOOS 


of  water  at  d^Bertm 
Captain  Kater.     I| 


^1 
52 
5a 
54 
55 
50 
57 


1*0005 
1*0005 
1*0004 
1-0004 
1*00(H 
1*0003 
I  0(N»3 

1  oou-i 

lOOO-J 

1  <inoi 


61" 

0*2 

f» 

04 

05 

07 

OH 
09 
70 


1*0001 
1*0000 
0*999» 
0*9999 
0*9998 
0*9997 
0*9996 
0-9996 
0-999S 
0*9994 


EXPANSION  OF  WATER. 


table  represents  the  specific  gravity  and  the  volume  of  that  ''  Srot.  i. 
Eqaidfor  every  centigrade  degree,  from  0°  to  106°,  calculated 
ly  M.  Miirkiewicz*  from  the  empyrical  formula  determined 
^  HiiU3trbm.t 


T—ip. 

SpKlBeC,..ll,. 

V.4u»e. 

Temp. 

Si«lBc  Cnlty. 

v.™. 

0=" 

, 

1 

3-1     . 

0-9948166 

1-0052104 

1 

1-0000466 

0-9999536 

35 

0-9944706 

I -0055601 

2 

1 -0000799 

0-9999202 

36 

0-9941142 

1-0059206 

3 

1-0001004 

0-9998996 

37 

0-9937480 

1-0062903 

4 

1-00010817 

0-9998918 

38 

0-9933721 

1-0066721 

4-1 

1 -00010824 

0-99989177 

39 

0-9929863 

1-0070632 

5 

1-0001032 

0-9998968 

40 

0-9925910 

1-0074643 

6 

1-O000856 

0-9999144 

41 

0-9921958 

1-0078656 

7 

1-0000555 

0-9999445 

42 

0-99I772I 

1-0083004 

e 

1 -0000129 

0-9999872 

43 

0-9916447 

1-0084358 

9 

0-9999579 

1 -0000421 

44 

0-9909138 

1-0091694 

10 

O*t99890G 

1-0001094 

45 

0-9904712 

1-0096207 

11 

0-9998112 

i -0001 888 

46 

0-9900196 

1-0100810 

13 

0-9997196 

I -0002804 

47 

0-9895587 

1-0105515 

13 

0-9996160 

1-0003841 

48 

0-9890890 

1-0110313 

14 

0-9995005 

1-0004997 

49 

0-9887164 

1-0114124 

15 

0'999.1731  ;  1-OOOG273 

50 

011881227 

10120201 

16 

O-9992340     1-0007666 

51 

0-9876255 

1-0125295 

17 

O-9990832    1-0009176 

52 

0-9871216 

1-0130464 

18 

»9989207     I -00 1 0805 

53 

0-9865592 

1-0136239 

19 

O^J987468  1  1-0012548 

54 

0-9860861 

1-0141102 

30 

0-9985615     1-0014406 

55 

0-9855503 

1-0146615 

SI 

0-9983648    1-0016379 

56 

0-9850173 

I-01521O6 

32 

»9981569     1-0018465 

57 

0-9844792 

1  ■01576-55 

23 

0-I979379  , 1-0020664 

58 

0^839156 

l-01fi3470 

24 

09977077    1-0022976 

59 

fr9833526 

10169292 

35 

0^74666     1-0025398 

60 

0-9827816 

1-0175201 

96 

Oi»972146     1-0027932 

61 

0-9822029 

1-0181194 

27 

Oi»695]8     1-0030575 

62 

0-9816x63 

1-0187176 

26 

09966783     1-003332^ 

63 

09810137 

1-0193537 

29 

0-9963941     1-0036189 

64 

0-9804203 

Kl  19f*707 

30 

O99ti09'j3     1-0039160 

65 

^9798108 

WJ2(^6'^52 

31 

0-9957941  ,1-0042337 

66 

09791941 

1-0212501 

32 

O-9956053     1-O044I3I 

67 

09785699 

H«l*!994 

33 

0-9951527  1  1-0046699 

6^ 

09779392 

1-022.55K5 

*  P.>c-v-,.i  ■t''~  Annalen,  lit.  105. 

■f  Tbe  mder  will  End  Hallstrom't  ii 
^C^Mima,  U  Pog^mdorrs  AmialeD, 
^  pi.  I«e  of  that  Tolump. 


Bporuot  papvr,  cmiUinini;  all  hi* 
t.  129 ;  wl  hU  cmpjiical  formula 


u 


II  BAT. 


1. 


Cent 

apcciac  Oravtij. 

Volume. 

I     'Imp 

Sprct6c  Cirar.ljr.           V 

69 

Oil77299fl 

1-0231260 

a5 

0-9^)61788     HK 

70 

iyinrythUS 

1-0238832 

8I> 

(HKV55415     l-o: 

71 

=  (K>76(K)17 

1-0245884 

87 

(H>^>46791     H): 

72 

•  (HJ753297 

1-0252943 

HH 

0-9639206     HK 

73 

Oil746^>30 

1-0-251^^6 

89 

(H>631569     HK 

74 

0-9740026 

l-02f>6912 

iH) 

0i^>23877     I-o: 

75 

(HI733229 

1-0-274083 

91 

0-9^)16134     l-iK 

76 

0-9726:W2 

1-0281347 

:   92 

IMM)08339     l<H 

77 

0-9719438 

l-0-288^;6l 

1   •>•* 

0-;H')00492     lUl 

7« 

(h97l2446 

1-0-2<k;o66 

\    94 

(HW925.S7     l-o^ 

79 

IHI705392 

1-0303551 

'    1^5 

(H*.584rh51      H)4 

80 

Oi^>98275 

10311112 

W\ 

(H^5766,58     1-(M 

81 

ov^mim 

1-0318750 

97 

(H*5686ls     HM 

82 

(HJ^J837.57 

I  -03-2*157 1 

98 

(h95*k)530     \'0\ 

83 

01>^>7^i559 

1-0334252 

99 

0-955-2889     I-<n 

84 

OiK;69H>0 

1-0342159 

1(N) 

(Hi5442l9     l-<M 

Next  to  water  alcohol  is  the  liquid  wboM*  expaiii^ihi 
been  determined  with  the  greatest  eare.  Absolute  alo< 
a  specific  gravity  of  0-8062  at  the  temperature  of  32^:, 
ing  the  specific  gravity  of  water  at  its  {>oint  of  greatet«t 
1 .  The  following  table  exhibits  the  volume  of  absolute 
at  all  tcmperaturt*s  from  — lOO^^  renti(rra(U\  up  to  71 
grade,  sup|M>8ing  the  volume  at  32°  to  be  unity.  It 
culated  by  M.  Hofineister,  from  a  very  careful  S4»t  of 
ments  maile  by  profess4)r  Muncke  of  Heidelberg.* 

I  o/uiNrt  of' purr  oUnthid, 


TfHfk. 

Voluac 

1    Tmp. 

i          Vulum«. 

'    "t«i|.. 

Vo 

—  100" 

UfM80lH40l*i 

OtM71^iin2MH 

--fiH- 

iH.oi; 

W 

0'94m4725l6 

at 

omntr-iinrtiM* 

«;7 

irSOli 

OH 

0-MH*29.lH({09 

8-i 

0-1MHl.lK5Hl'>:i 

r>4i 

l»!OI' 

117 

0$M8I57H6»7 

HI 

O'04H-il(it7HH5 

c^ 

C»ll.V.». 

96 

0-iMH0.1«ri44-i 

Ml 

O!MH4Ul500tf 

tu 

o!o.»: 

115 

0  iM7lK}7HH7*i 

7il 

0  mH54i(M»H*i 

«n 

O'AVll 

fM 

OiM7H&.1f{772 

78 

O04H744O74H 

t>2 

o:»;*;r 

i»a 

OW77HlMHHrt 

umHii;|.-MU»M 

t;i 

i»io;r 

\n 

om773«'2nrtl  < 

7t; 

'  t»  iMtM.IKlHI'i 

CA\ 

0!C>4- 

f»i 

om77<tt774i»  . 

7j 

o!m);L&HO'it;i 

All 

r>  i«.*4? 

flO 

OfM7fia51«CI  1 

74 

Oim<6inl506S 

5H 

oj»Vr. 

w 

0iM7(iK57H97  ' 

73 

(»!M!iK4l70'{ft 

A7 

o  i*.\,: 

H8 

0  iM77(R2ti:M4 

72 

t»'!<;j4i|(I^U4 

541 

oich;. 

M7 

om77*'Mt;*ii8 

71 

0  •l.yi.'IKtHl.ri 

.*5 

o  !».>;: 

hi; 

0*|M77H.n4»K!  : 

70 

oi»54Hi7ft4H75 

:a 

ni»;i7; 

H& 

U  iM7H4Kl4tL|  , 

m 

(»-a'M(HK'M*JI9 

53 

oriJ7; 

•  A.  Ji.  «li*  (hlni.  »■!  f!«    IMi\*.  I\i\    n-.». 


SION  OF  ALCOHOL. 


Volumet  of  pun-  aicnhol. 


^m- 

VdIbih:. 

Imp. 

V.lu<o«. 

Tcnp, 

Volume. 

-a° 

0-9582712034 

_|[0 

0-9892330499 

+30° 

1-0327133758 

il 

09588150:29 

10 

0-9901769378 

31 

t 0338631684 

w 

0-9593710065 

0 

0-9911281573 

32 

10350155381 

u 

fr9599388947 

8 

O-99208659-29 

33 

1-0361704294 

41 

0-96051 86imi 

7 

0-9930521291 

34 

1-0373276669 

« 

Oflei 1100569 

6 

0-9940246504 

35 

1-0384671550 

« 

o-eei7i3iDid 

5 

0-9950040415 

36 

1-0396487783 

u 

0-9623276356 

4 

0-9959901867 

37 

1-0408124213 

(4 

09629535425 

3 

0-9969829706 

38 

1-0419779685 

tt 

9^635907072 

2 

099798-22778 

39 

10431453045 

tt 

096423901 41 

1 

0-9989879927 

40 

10443143136 

41 

[^9648983477 

0 

l-OOOOOOOOOO 

41 

1-0454848809 

40 

0-9a556B59-27 

+  1 

1  00I0I8I840 

42 

1 -0466568903 

« 

0-9662496334 

2 

1-00-20424294 

43 

1-047830-2266 

IS 

0*669413546 

3 

10030726206 

44 

1-0490047743 

« 

0-0676436405 

4 

1-0041086423 

45 

1-0501804179 

11 

0-96B3563759 

5 

1-005151)3788 

46 

1-0513570419 

» 

0^90704452 

1-0061977149 

47 

10525345309 

M 

>960e 127330 

7 

1-0072505348 

46 

10537127693 

« 

0^705561237 

8 

1-0083087233 

49 

1-0548916418 

a 

fr97 130950-20 

9 

1-0093721648 

50 

105607 103-28 

« 

0*720727522 

10 

I-Ol 04407438 

51 

1-0572506269 

ID 

0-9728457590 

11 

1-01 15143449 

52 

1-0564309085 

a 

0-9736284O69 

12 

10125928525 

53 

1-0596111623 

» 

0^744205603 

13 

1-0136761513 

54 

10607914727 

W 

0-9752221639 

14 

1-0147641-257 

55 

10619717243 

k 

0^60390421 

15 

1-0158566603 

56 

1-0031518015 

It 

0*768530995 

16 

1-0169536396 

57 

1-0643315690 

h 

0-97768-22-206 

17 

10180549481 

58 

1-0655109711 

a 

0-978520-2899 

16 

1-0191604703 

59 

1-0666896326 

a 

0-9^3671920 

19 

1-0202700908 

60 

1-0678680578 

11 

0-9802228113 

20 

1-0213836941 

61 

1-060O455313 

11 

0-9610670324 

2t 

1-0-2-25011647 

1-0702221377 

It 

0-9619597399 

22 

1-0236223871 

63 

1-0713977614 

« 

0-9828408181 

23 

1-0247472459 

04 

10725722870 

17   1  0-9657301516 

34 

1-0258756256 

65 

1  0737455991 

«     l>9S46276253 

25 

1  0270074107 

60 

1-0749175820 

U     0-9655331233 

26 

1-0-281 424856 

67 

1-0760881204 

W     0iie«44(}5302 

27 

10-292807353 

68 

1-0772570968 

W     0-9e736773O6 

26 

1-0304220438 

69 

1-0784-244017 

IJ   ;  0-(l8829fi6000 

29 

10315662958 

70 

1-0796690136 

Pr^amr  Muncke  has  also  examined  the  dilatability  of 
ri^nret  of  carbon  by  heat.  The  following  table  exhibits 
t  dibubility  ralculatod  from  his  experiments,  from  —Sfi" 
■•"  (xntigrade  : — • 


*  Ann.  i1<>  (;hini.  ^t  de  Phyn.  Ixiv.  3-2. 


Volumei  ofearbuFft  aJ'nUpfiitr. 


T«M>. 

v-o™.. 

l.n.l.. 

VoluiM. 

TMip. 

v.*». 

—SI" 

0*ITMJ(B3fl 

-9- 

lI'lWNHMiHIUD 

+31- 

l'U3<U(«P6aM 

49 

6-tM6aiA«4l-< 

H 

M-ouiloadiTff 

32 

1 -037X1  WI4« 

4(* 

o-94S7a39a3(r 

o-ft»«iswa 

33 

\-m»aiMt3i 

4; 

oiiwjiwir 

O«M07»3M 

34 

1-U403IP37UIH 

4tl 

4>-UITWUeR 

d-WWI4]t?U 

3i 

lihlujn&TT 

4A 

rMWafOMMfl 

t>«B5SMe006' 

3(1 

llM-iH04*»»J 

44 

i»ft&MM»U 

37 

1-UI4<MM3U« 

43 

O-flWTSMflWi 

as 

H»4j3IWnir 

42 

MU6NU7M 

0-M«7n(»3l 

3U 

l-OltUH-iIMM 

41 

o»eM«i7*» 

411 

1  047H41«ilH 

40 

OWMMNlTl 

+  1 

iHNIIIJKIUtlVl 

41 

1 -041*1  IWiSlI 

311 

0-»8S«M7e06 

i-uoaiiHisii , 

43 

l-OU»lH  1-234 

SH 

O4aH33c)0OT 

]-0n3382&4U(l  : 

43 

l-tUllC-215t>3 

S7 

O-DaO«a30748 

HXM5:H«H0H 

44 

Hliiltt:W377 

Ml 

frWlMIMlT 

HNLi<i;i4HUH; 

4J 

1  ^l34-2-(lMtk» 

U 

o<ga9S4wi3i 

l-««wifll47:i 

4« 

|-(JiSJJ**73-.'» 

31 

44AMMU9U 

t-UI»;»t'>4-JM74 

47 

|-4U)(HilM>M 

S3 

fHWtffTnMS 

l-(NI!)ll^lHJNIij 

48 

IOXI|wii43 

ni 

«4A56M4(M« 

I<lltK>7IUIW)' 

49 

IlliWIWiM 

31 

fl-9««714«3(W 

nil  lliWI^ilt ; 

M 

l-tMU7i3tIli» 

3» 

<M)mtai\ot 

1-cil  23111 73;il 

SI 

i-of;aoi7as» 

Ml 

o-vmffmet 

l-iH:i7.i7W« 

yi 

1  ■0«3.14^7>' 

•n 

|-liUi*-J'>t'<-1it 

M 

HMilJttif.5» 

«7 

0*708337:46 

Hi|t»>i)-.>I4:!4  j 

44 

I-0UJU79I713 

«I 

4MiriRT0l«» 

li 

1-.P17-J7.V1.UP  I 

U 

li»t7ac«MliM 

U 

O-PTWIoruTA 

1  <pik4jan;.'>h  . 

All 

l-0»"P28H57i 

24 

*»r»»Hi430 

ISPI'.NkMU:)!! 

A7 

l-UKHMRUA* 

23 

O-MTilNmKMl 

l-irji»cril73Mi 

V 

HPri-2».V«*i 

M 

<MITl!ilii1IM4ll 

lip-.'-.'oi.ijiw7i 

311 

l-(p7--in4>»m 

21 

i»nr7lio»!iai 

1 1Wt^lKUit^Mt  1 

Wl 

I-07SHT73.-M7 

«1 

IHTNIIUSIAil 

i'trj44ii;uiii:i| 

III 

I-iP7MJ:iKil3 

10 

OWftUMOlM 

■ii 

1  ll-iAikfJ?!^ 

b-i 

H17«I7424I» 

lit 

MHHMITH) 

•ii 

ItWWI  ■>»«<•' 

113 

Hi7M»«Kilsa 

IT 

MAIUAftUA 

M 

1'PK0«uilu:iT  ' 

R4 

|-iP7ti.1M>.7iri 

111 

frWUWUH 

■2.1 

lIUlWMIIMI)' 

tU 

l-c»4iP74f7-.'73 

lA 

OiMU9M3;i 

2(i 

i'<i3m4M;-J<ii  . 

)t<l 

1-1PK-2II4-W7 

14 

»H»4i:5i.M0 

■27 

H«ltl«77tt73 

fi7 

1  -tiK-HHUj^i 

1.1 

<j-tiiuaM:iuau 

2N 

1  Hi;i.!i.!Nii;M» 

U»i4h>«ttu 

VJ 

1t-»H«JT3Rl«« 

«i 

1  tKUIItilPIHlJ 

l-unl-.>3<im*l4 

II 

A-aKrAmiii 

3(1 

1  ■tl3j;l4tHP7'*4  ' 

Til 

H«<7ill7<Wbl 

lu 

O^HMUSflW 

. 

(■ay-I.iiKs.ii-*  h»K  turned  hit  iillfniiMii  to  tlic  |)Urnuiiictui  t 
t1i<>  •-xiMiixioii  .if  lii)iiia».  Till-  r.tlKxi  ill-:  tiil>I<<  oxlnltiu  ih 
rwull  of  hilt  ri'MMn-hiii.  IIi*iiu)»)H>M>K  tlii.'  vnlumi.'  of  enclt  » 
thf  li<{ui(lii  ut  itM  lK>itiii;;  t<-mppraliirt'  lu  Ik-  1(100.     The  talit 
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EXPANSION  OF  LIQUIDS. 
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represents  the  contractions  which  each  liquid  experienced  when 
eooled  down  every  five  degrees  centigrade  below  its  boiling 
point.  The  temperatures  at  which  the  different  liquids  tried 
koDed  were  as  follows : — 

Water        .  .  .     212° 

Alcohol      .  .  .173-14 

Sulphuret  of  carbon  .     1 1 6*1 

Sulphuric  ether     .  96*2 


Sect.  I. 


cure 

Water. 

Alcohol. 

Sulphuret  of 
carboo. 

Ether. 

CcnL 

CootnctkMM. 

Coatractionf. 

Contractiona. 

Contraction*. 

0^ 

0-00 

0-00 

0-00 

0-00 

5 

3-34 

5-55 

6-14 

8-15 

10 

6-61 

11-43 

12-01 

16-17 

15 

10-50 

17-51 

17-98 

24-16 

20 

13-15 

24-34 

23-80 

31-83 

25 

16-06 

29-15 

29-65 

39-14 

30 

18-85 

34-74 

35-06 

46-42 

35 

21-52 

40-28 

40-48 

52-06 

40 

24-10 

45-68 

45-77 

58-77 

45 

26-50 

50-85 

51-08 

65-48 

50 

28-56 

56-02 

56-28 

72-01 

55 

30-60 

61-01 

61-14 

78-38 

60 

32-42 

65-96 

66-21 

65 

3402 

70-74 

70 

35-47 

75-48 

75 

36-70 

80-11 

The  following  table  exhibits  the  degrees  marked  upon  ther- 
fiUed  with  different  liquids,  at  the  same  tempera^ 
determined  by  the  experiments  of  De  Luc*     The 
containing  these  liquids  were  of  glass ;  but  as  he  does 
mention  their  capacities,  nor  the  value  of  a  degree,  the 
does  not  enable  us  to  determine  the  expansion  of  the 
used* 


Recherches  sur  les  Modifications  de  T  Atmosphere,  i.  271. 


IS 
l-Uf,  I. 


" 

Akvlulrt. 

Xfimrr. 

OUwML 

FwT.llll  oU 

(XlhTIDI. 

isrsw" 

W«Hr. 

AM" 

W 

HO" 

8()" 

ft(l' 

80» 

HO- 

7.5 

74-(J 

74-7 

74-3 

73-fi 

74-1 

71-0 

70 

ti!)-4 

(JiC5 

fi>»-'H 

(J7-S 

68-4 

tiJMJ 

tw 

RI-4 

114-3 

(i3-5 

fil!t 

C2-fi 

53-5 

OU 

5!f;i 

.'.;(■  I 

5H-3 

5(J-2 

57-1 

45-S 

53 

54-4 

53-!) 

53-3 

5(>-7 

51-7 

38-5 

50 

4ft-2 

48-fl 

4H-3 

45-3 

4fW> 

3«) 

45 

44-<) 

43(; 

43-4 

40-2 

41-2 

2(M 

4U 

3£)-2 

3fl-fi 

3«-4 

35- 1 

3(;-3 

20-5 

35 

34-2 

33-<; 

33-5 

3(H3 

31-3 

15-11 

an 

2!>-3 

28-7 

2(M» 

25-B 

2(v5 

11-2 

25 

•24-3 

23-8 

23-8 

21-0 

2I-<I 

7-3 

21) 

iy-3 

ii*-y 

i:k> 

I(>-5 

17-3 

4-1 

15 

14-4 

Ml 

14-2 

12-2 

12-8 

1-6 

lu 

fl-5 

:>-3 

9-4 

"■» 

8-4 

0-3 

5 

4-7 

4-ti 

4-7 

3-J 

4-2 

0.4 

0 

(M) 

(H) 

<M} 

Ofl 

0<t 

(H» 

—5 

—3-9 

—4-1 

— ll» 

— a-0 

III  llif^c  thermometers  0  denutcs  tlio  trmperalure  at  whicb 
water  frwzei^  80"  the  temperature  at  which  it  boib. 
Law  ot  n.  Mr  KiuiiiL'tt  hiif  iib.)t.-rvc(l,  that  if  the  temperatures  of  liqnids 
£11^^*'  ]te  talcii  ill  nrithiiielirul  |ini^ciMioR,  the  volumes  at  then 
tcmj>oruturc»  aro  the  luifaritiimd  of  »  certain  MTics  of  Dumbcn 
ill  arithmetical  [irocn^fsioii ;  which  latter  are  of  course  the  r»- 
ci)>nicats  nf  a  scries  nf  number«  in  hormouical  progresnon.* 
The  fullowinp  tahh-s  will  ner^-e  to  illustrate  this  Uw,  w\aA 
coiialitutcs  a  near  apjtroiiinalion  to  the  truth. 


T~|i 

Vhuw. 

i/«>r 

tUCaro^ 

5lC 

IIHIIKI 

12594-5 

N(l 

5)l>t 

12l»3-98 

9-4S 

Mil 

— -'<I3 

I2t;rj-'* 

8-WI 

14<i 

—  Ill'* 

l-.'(>21-7 

(*9 

170 

—1424 

i2(i:uHi 

8-9 

2IMI 

—  1730 

l2fi3;M 

H-9 

•  Ann^l. 

■-rki,J  liii.  iM.     The 

Ublnan. 

I»lip..-. 

f<»i< 

>li:d   iin  •  H-l  iif  ('l|HTi 

■rot.  whkb  1   luac  nwl 

nrjcafav 

a>i.l«>l.i 

)i  1 

mirrti^l  in  nn  ivly  tHliiii>ri  uriuy  rhKuittrj, 
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Sect.  I. 


^^^t^mmm 

SULPHURIC  ACID. 
Volume.                                 Log.  of 

DifC  of  numb. 

50^ 

100000 

12591-6 

80 

806 

12612-6 

21-0 

L10 

—1540 

12633-9 

21-3 

140 

—2320 

12659-4 

25-5 

170 

3116 

12680-0 

20-6 

200 

—3911 

12703-1 

23-1 

NITRIC  ACID. 

rcmpu 

Volume. 

Log.  of 

DiiE  of  numb. 

scy 

100000 

• 

12589-2 

80 

1530 

. 

12633-6 

44-4 

110 

103196 

• 

12682-2 

.      48-6 

140 

—^132 

• 

WATER. 

12738-9 

.      46-7 

T^^ 

Volume 

Log.  of 

DiS  of  numb. 

50*^ 

100023 

• 

12590-0 

70 

197 

. 

12594-9 

4-9 

90 

694 

• 
ALCOHOL 

12669-3 

4-4 

r^m. 

Volume. 

Log,  of 

DiflC  of  numb. 

A!Or 

100539 

• 

12604-8 

60 

—1688 

• 

12638-2 

.       33-4 

80 

—2890 

. 

12673-3 

.       35-1 

100 

—4162 

• 

12710-4 

.     37-1 

It  would  appear  from  the  investigations  of  Despretz,  Hall-  ^*^y""]J* 
'~\  Muncke,  &c.,  that  most  liquids  have  a  point  of  maxi-  liquids. 
density,  and  that  if  they  be  heated  or  cooled  beyond  that 
they  expand.  This  point  was  first  observed  in  water. 
Hie  phenomena  which  led  to  the  knowledge  of  it  were  first 
dhterved  by  the  Florentine  academicians.  An  account  of  their 
experiments  was  published  in  the  Philosophical  Transactions 
1670.*     They  filled  with  water  a  glass  ball,  terminating 


PhiL  Trans.  No.  66,  or  vol.  v.  p.  2020.  Abridgment,  i.  540.  See 
czperifflent  itself  in  the  English  translation  of  the  Memoirs  of  the 
dd  Cimento,  p.  77. 
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ilBAT. 


Chap.  I.  in  a  narrow  graduated  neck,  and  plunged  it  into  a  mixture  of 
snow  and  salt.  The  water  started  suddenly  up  into  the  neck« 
in  consequence  of  the  contraction  of  the  vessel,  and  slowly 
subsided  again  as  the  cold  affpcted  it.  After  a  certain  inter* 
Tal  it  be^an  to  rise  again,  and  continued  to  ascend  slowly  and 
equably,  till  some  portion  of  it  shot  into  ice,  when  it  sprung 
up  at  once  with  the  greatest  velocity.  The  attention  of  the 
Royal  Society  was  soon  afterwards  called  to  this  remarkable 
expansion  by  Dr  Croune,  who,  in  1683,  exhibited  an  experU 
nient  similar  to  that  of  the  Florentine  philosophers,  and  con- 
cluded from  it,  that  water  begins  to  be  expanded  by  cold  at 
a  certain  temperature  above  the  freezing  point.  Dr  Hooke 
objected  to  this  conclusion,  and  ascribed  the  ap|iarent  expan- 
sion of  the  water  to  the  contraction  of  the  vessel  in  which  the 
experiment  was  made.  This  induced  them  to  cool  the  glaaa 
previously  in  a  freezing  mixture,  and  then  to  fill  it  with  water. 
The  effect,  notwithstanding  this  precaution,  was  the  same  at 
before.*  Mr  Do  Luc  was  the  first  who  attemptinl  to  ascertain 
the  exact  temperature  at  which  this  expansion  by  cold  begins. 
He  placed  it  at  41<',  and  estimated  the  expansion  as  nearly 
equal,  when  water  is  heated  or  cooknl  the  same  number  of 
degrees  above  or  below  4 1  <>.  lie  made  his  experiments  in 
glass  thermometer  tubes,  and  neglected  to  make  the  correc* 
tion  necessary  for  the  contraction  of  the  glass ;  but  in  a  aet  of 
expiTiments  by  Sir  Cliarles  Klagden  and  Mr  Gilpin, 
about  the  vear  1790,  this  correction  was  attended  to.  Wi 
was  weighed  in  a  glass  bottle,  at  every  degn*e  of  temperature 
from  32o  to  100^,  and  its  si>ecific  gravity  ascertained.  They 
fixetl  the  maximum  of  density  at  311**,  and  found  the  same  ex- 
pansion very  nearly  by  the  same  change  of  tem|>erature  either 
above  or  l>elow  31)°.  The  following  table  exhibits  the  bulk 
of  water  at  the  corres{)onding  desrrees  on  both  sides  of  39% 
according  to  their  experiuients.t 

•  Hirrhv  •«  HUt.  f»l  llti*  Ktiyal  S«N^rty.  iv.  'i-W. 
t   Hill.  Tmn*.  I7W.  p.  r2H. 


KXPANSION  OF  LIQUIDS. 


HpBcific  snvlty. 

Bulk  of  water. 

Temperature. 

Bulk  of  water. 

SpLgrarityofda 

1-00000 

39° 

1-00000 

l-OOOOO 

00 

38 

40 
41 

;42 

00 

1-00000 

0-99999 

01 

37 
36 

01 

0-99999 

0-99998 

02 

02 

0-99998 

0-99996 

04 

35 

43 

04 

0-99996 

0-99994 

06 

34 

44 

06 

0-99994 

0-99991 

08 

33 

45 

08 

0-99991 

0-99988 

12     32 

46 

12 

0-99988 

21 

Sect.  1. 


Mr  Dalton,  in  a  set  of  experimeDts  published  in  1802,  ob- 
nearly  the  same  result  as  De  Luc.  He  placed  the 
Lum  density  at  42'5o,  not  making  any  correction  for  the 
contraction  of  the  glass;  and  observed,  as  Blagden  had  done 

fore  him,  that  the  expansion  is  the  same  on  both  sides  of  the 
Limum  point,  when  the  change  of  temperature  is  the  same, 
and  continues  however  low  down  the  water  be  cooled,  provided 
it  be  not  frozen.* 

All  these  experiments  had  been  made  by  cooling  water  in 
^ass  vessels;  but  when  the  French  were  forming  their  new 
vrigbts  and  measures,  the  subject  was  investigated  by  Lefebvre- 
Gineau  in  a  different  manner.  A  determinate  bulk  of  water, 
at  a  given  temperature,  was  chosen  for  the  foundation  of  their 
weights.  To  obtain  it,  a  cylinder  of  copper,  about  nine  French 
inches  long,  and  as  many  in  diameter,  was  made,  and  its  bulk 
laeatmred  with  the  utmost  possible  exactness.  This  cylinder  was 
weighed  in  water  of  various  temperatures.  Thus  was  obtained 
die  weight  of  a  quantity  of  water  equal  to  the  bulk  of  the  cylinder ; 
and  this,  corrected  by  the  alteration  of  the  bulk  of  the  cylinder 
itself  from  heat  or  cold,  gave  the  density  of  water  at  the  tem- 
peratures tried.  The  result  was,  that  the  density  of  the  water 
eoostantly  increased  till  the  temperature  of  40^,  below  which 


•  Manchester  Mem.  v.  374. 
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Chap.  I.  it  as  constantly  diminislicd.*  These  experiments  seem  to  hATe 
bt*en  made  almtit  the  year  1 795.  More  lately  a  set  of  experi- 
ments W2U(  tried  bv  Hnllatrom  exactly  in  the  ranie  wav;  Imt 
\w  substituted  a  cylinder  of  ^la^s  for  the  one  of  metal.  The 
result  which  he  ohtaineil  was  the  same.  The  necesaarj  ror* 
rections  l>ein&r  made,  he  found  the  nmximum  density  of  water 
to  l>e  4*1  ccntiirrade,  or  39^*38  Fahronheit.t  The  subject 
was  afterwards  investigated,  in  a  very  infj^enious  8t*t  of  esperi- 
ments  by  Ur  1Io]m*.  lie  cniphiyed  tall  cylindrical  irlasa  jara, 
tilled  with  water  of  different  temperatures,  and  having  thermc^ 
meters  at  their  top  and  bottom.  The  result  was  as  fullowa: 
1.  When  water  was  at  32<>,  and  ex|M)sed  to  ur  of  61®,  the 
bottom  thermometer  rose  fastest  till  the  water  became  of  38®, 
then  the  top  rose  fastest.  Just  the  reverse  bap|>ened  when  the 
wattT  was  53<^,  and  exposeil  to  the  cold  water  surrounding  the 
vessel;  the  top  thermometer  was  highest  till  the  water  cooled 
down  to  40^,  then  the  bottom  one  was  highest.  Hence  it  was 
interred,  tlhit  water  when  heated  towards  40^  sunk  down,  and 
abovt*  40^  rose  to  the  top,  and  vice  rerna.  2.  When  a  frees- 
iiig  mixture  was  applied  to  the  top  of  the  glass  cylinder  (tcmiK. 
of  air  41°,)  and  continued  even  for  st^veral  days,  the  bottooi 
thermometer  never  fell  below  39^;  but  when  the  freezing  mix* 
ture  was  applied  to  the  luittom,  the  top  thermometer  fell  to 
34^  iia  soon  as  the  bottt»ui  cme.  Hence  it  was  inferred,  that 
water  when  cooled  below  39^  cannot  sink,  but  easilv  ascends 
3.  When  the  water  in  the  cvlinder  was  at  32*^,  and  warm  water 
a]>plied  to  the  middle  of  the  vessel,  the  iMittom  thermometer 
rost*  to  39*^  befort*  the  t(»p  one  was  affected;  but  when  the 
water  in  the  cylinder  was  at  31)^*.'>.  and  cold  was  applied  to 
the  middle  of  the  vessel,  the  top  thermometer  cooled  down  to 
33>  before  the  bottom  one  wast  affected.^ 

Count   Kumfonl  likewise  publi.<«hed  a  set  of  experimenta* 


*  Jour,  tie  VUy*.  xlii.  171  ;  atul  Uuay*»  Tmit  de  l'hysii|ui«,  i.  ^ 

f  (fillH.Tr«  AiiiiAk'n  tlir  I'hyMk.  &\ii. '207  ;  and  roRp*n(l«irr«  .\nnAWn, 
1.  lit*. 

*  Srp  Kiiin.  Tr»n».  %o|.  vi.     Thv  pafH*r  wm  piittlithrd  bvforr  October. 
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Vulamea  of  purr,  alcohol. 


1^-*^ 

y^«.^ 

T^p. 

Volunt. 

Tonp- 

Voluow. 

—52" 

a-9SS3712034 

—  11° 

0-9892330*98 

-f30" 

1-0327133758 

SI 

09588150729 

10 

0-9901769378 

31 

1-0336631684 

SO 

0-959371  CN)S5 

0 

0-9911281573 

3-2 

1-0350155581 

49 

0-6599388947 

8 

0-9930865929 

33 

10361704294 

48 

im05)86I«) 

0^930521291 

34 

1-0373276669 

47 

0«11 100568 

35 

1-0364871550 

4fi 

fr961713l019 

0- 911500404 15 

36 

l-03lHi4877e3 

45 

0-9023276350 

0-995990)867 

37 

1-0408124213 

44 

09829535425 

0-9969829706 

38 

1-0419779685 

4S 

0-9635907072 

09079822778 

39 

1-0431453045 

49 

0-9642390141 

0-9969879927 

40 

1-0443143138 

41 

0-9618963477 

41 

1-0454848809 

*0 

0-9653685927 

+  1 

10010181840 

43 

1-0466568903 

SO 

0-966-2496334 

10020*24294 

43 

1-0478302266 

38 

0-9669413540 

1-0030726206 

44 

1-0490047743 

37 

0-9676436405 

100*1088*23 

45 

1-050180*179 

38 

0>96835637a9 

1-0051533788 

46 

1-0513570419 

35 

W690794452 

1-0061977149 

47 

1-0525345309 

l« 

0-9696127330 

1-0072505348 

48 

1-053T127693 

0WM561237 

10083087233 

49 

1-0548916418 

31 

lh9Tl  3095020 

1-0093721648 

50 

1-05607 103-28 

St 

1-0104407438 

51 

10572508269 

ID 

M7aw57590 

10115143449 

52 

1-058*309086 

9 

fr97362840e9 

101259285-25 

53 

1-0596111623 

X 

09744205803 

1-0136761513 

54 

10607914727 

V 

0-9753221639 

1-0147641257 

55 

1-06197172*3 

M 

0*760330421 

1-0158506603 

56 

1-0631518015 

as 

0-9766530995 

1-01 60536396 

57 

1-0643315890 

M 

0-fl7768iia306 

1-0180549481 

58 

1-0655109711 

ta 

0^85202899 

1-0191604703 

59 

1  •0666608326 

fi 

0-9793871920 

1-0302700906 

60 

1-0678690578 

>i 

0-9802228113 

20 

1-0213836941 

fil 

1-0690*55313 

u 

IW810e70324 

21 

1 -0-225011647 

62 

1-07(I2-221377 

19 

0^19597399 

22 

1-0236223871 

63 

1-0713977614 

IB 

0-8818406181 

23 

1-0-2*7472459 

64 

10725722870 

17 

0-9837301516 

34 

1-0258756256 

65 

10737*55991 

11 

0«4«276253 

25 

1-0270074107 

66 

1-0749175820 

U 

0-9655331233 

26 

1 -0281424858 

67 

1-076088120* 

1     I}'9e64465303 

27 

1-0292807353 

68 

1-0772570968 

"  ;  0-B873e778oe 

28 

1-0304220438 

69 

1-078*2*4017 

1!   ,  0-ee829fl6O90 

29 

1-0315662958 

70 

1-0796899136 

.  ncAtsor   Muncke  has  also  examined  the  dilatability  of 
i  M^uret  of  carbon  by  heat.     The  following  table  exhibits 
wt  dJUubility  calculated  from  his  experiments,  from  — SO" 
•»JO«centigrBde:— • 


'  Ann.  dp  Chim.  ct  de  Pby«.  liiv.  82. 
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— *^  If  we  resolve  the  differential  equations  -  —  =  0  by 

di 

of  these  empyrical  formulas,  we  obtain  the  following  Dumberi 

for  the  <ic^ec  of  ^eatest  density  of  each  liquid : — 

1.  Water,  38<''804  Fahrenheit. 

2.  Weak  Alcohol,      .  —69^-88 

3.  Ether,  .  — 38«»-08 

4.  Petroleum,    .         .  — 96o-07 

5.  Liquid  ammonia.     Has  no  point  of  maximum  density. 

6.  Muriatic  acid,     ^ 

7.  Nitric  acid,         M lave  no  point  of  maximum  density. 

8.  Oil  of  Almonds.  3 

9.  Absolute  Alcohol,  .  —  liO^" 

10.  Bisulphuret  of  Carbon.     Has  no  point  of  maxim 


d*  At? 

density ;  or  at  least  the  equation  =0,  contains  impossi- 

ble roots. 

Desprctz  has  shown  experimentally  that  sea  water  and  all 

2.  Sea  water.     A V  =  ~ 0-000057^093^  t  -f  0*00000500638fi6 1« 
_0*UOU(MJUUlH73304  l>  +  0HIUUUU0<XK)II6I7H07  1^. 

3.  Alcohol.     aV  =  0-UiOilHU60(kl7H7  f  -f  O-O0UUO303480282K  f  •     ' 
_  O-UHMMJUOaiOlim  /*  +  0-00lNNNNIU»3rKk;4  /«. 

4.  Petroleum.     .iV  ■Bi)(NNn)HH558H  i  -f-  0  UI0U02 1*2040  M  -^ 
(HMIU0U(K>*2t>7<UlK»l*  +  O-OOUIUUIO0ltll)Of>77l«. 

6.  Liquid  ammonia.     .iV  =  0*0(H)-iK»JH4$ i  +  OUU00O-im)10P f •  4- 
0  UCNMXIUOGl  I033H  /  >  -.  OKXM)UUUX)l<V44iUH4  l«. 

(L  Munatic  acid.     .iV  =  U*OUO50()'i:)7 1  —  <»-0U0UUUH2M^  f  •  4- 
0(KXMM)0;t7UH475!»f'       O-(mul0U0tK>47'2l5«K'W«. 

7.  Nitric  acid.     aV  s  (KNllO(;(;iiHj  I  _  0()UOUll04r>l  /«  ^. 
0<)00O00O44M»13l>i«  _  OOOlllNHNNNMdH-J4  l«. 

H.  Ether.      .iV  aOilUlJMn2t*iK447l  +  OiMMMMfi-i^^iU  f«  — 
0-UMHlllOl67K')|>  -f.(HIINNIUMN>4Uri(;i«  (l-Kki). 

1».  Sulphuric  arid.     .iV  s  (HHHlViUil.V^I  I  ^.  0-00tlUUtJH38519^  f « 

(MN)01NNNNI8I7I231  I*  4.  O  UMMilNMIlMN»-ri.ilt;7  f^. 

Ui.  Almond  oil.     aV  b  (fO(Nt744.>47.'  t  -f  (Hi0IMNI0313437*J  f •  + 
0*UMNHHIlN»27.j(iH«li»|*  _  UUllNillOliOlNll6i»75tl7lU«. 

11.  AliM>lute  alcohol.      aV  z=  IMnUol  j1I48k4H|  4.  OlMlDUKk^^tMtl^JS^i* 

(MNI|NNMMMini4JHo<Wf*. 

IJ.  Uikiiiphurrt  ol  curboii.     ^V  =  d  4mll'iJt*i!llN*i3MH>i  i  4. 
M(NNIIN»17IJ«Mt«:M7/*  +<>mMNNHi|MI<JlltMM)7«v>(;!»l*. 

f  =  'rmperAtuir  111  trntvimiil  ■Ir^.ife*.      S'ci    A  .n.  dr  l*him.  el  de   Phi*. 
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aqneoos,  alcoholic,  saline,  acid,  and  alkaline  solutions,  have  a     Sect,  i. 
piMDt  of  greatest  density.     This  point  sinks  much  faster  than 
die  freezing  point;  but  both  are  proportional  to  the  quantity 
of  water  in  which  the  other  substances  are  dissolved.* 

The  explanation  of  this  curious  law  that  water  of  the  tem- 
perature of  39^  expands  when  we  reduce  it  to  a  lower  tem- 
perature, which  is  generally  adopted,  is,  that  39®  is  the  lowest 
point  at  which  water  is  perfectly  fluid.  When  its  temperature 
&lls  bdow  this  point,  its  particles  begin  to  assume  that  new 
poation  with  respect  to  each  other,  which  they  have  when  the 
Eqnid  is  converted  into  ice.  Now  ice  has  a  lower  specific 
gravity  than  water;  of  course  the  interval  between  its  particles 
if  greater:  and  the  particles  begin  to  assume  this  greater  dis- 
tibce  when  cooled  down  below  39<^.  With  respect  to  the 
equality  of  the  volume  of  water  at  equal  distances  above  and 
Mow  39^',  it  must  be  accidental,  and  entirely  owing  to  the 
dfaniaution  which  glass  experiences  in  its  expansion  as  the 
temperature  sinks. 

When  salt  is  dissolved  in  water, '  the  temperature  of  the  Maximum 
greatest  density  of  the  water  is  lowered  in  proportion  to  the  brhie!^  ** 
quantity  of  salt  in  solution,  so  that  it  speedily  sinks  below  the 
freezing  point  of  the  liquid,  in  consequence  of  which  the  ano- 
■aly  Reappears,  Thus  water  of  the  specific  gravity  1*0100, 
kavin^  about  y^th  of  its  weight  of  common  salt  dissolved  in  it, 
has  its  point  of  greatest  density  at  35^*375,  or  4  degrees  lower 
tiban  pure  water.  Water  of  the  specific  gravity  1*0200,  or 
containing  ^th  of  its  weight  of  salt,  has  its  point  of  greatest 
deoAtj  below  the  freezing  point.  Water  of  the  specific  gra- 
vity 1  *027,  or  containing  ^jth  of  its  weight  of  salt  in  solution, 
has  also  its  point  of  greatest  density  below  its  freezing  point. 
Ib  such  liquids,  accordingly,  the  point  cannot  be  observed.! 

These  facts  render  the  common  explanation  of  the  cause 
of  the  maximum  density  of  water  being  at  39^,  exceedingly 

*  P^ggendorft  Ann.  zli.  66.      Erman  has  published  a  curious  set  of 
^  -cspcriments  and  calculations  on  the  spccilic  gravity  of  sea  vvatcr  and  solu- 
IImm  of  common  salt  at  different  temperatures.'     See  Poggcndorfs  Ann. 
ii.79. 

f-  See  Erman*s  experiments,  Ann.  dc  Chim.  ct  de  Fhys.  xxxviii.  28^. 


26 


HBAT. 


Chap.  I.  doubtful*  The  experimenU  of  M.  Emum  on  the  expat 
of  Rose's  fusible  metal  at  different  temperatures,  is  if  poa 
still  more  inconsistent  vritb  it.*  What  is  called  Rose's  fu 
metal  is  an  alloy  of 

2  parts  by  weight  of  bismuth, 

I  part of  lead, 

I  part        -of  tin. 

It  melts  at  200^*75,  which  is  considerably  lower  than  the  fu 
point  of  Newton's  fusible  metal.  Erman  has  found  that 
spei*ilic  gravity  of  this  alloy  is  the  greatest  at  the  tempera 
of  155<>-75,  and  the  least  at  the  temperature  of  1 10o*75.  ! 
at  both  of  these  temperatures  the  metal  is  solid.  It  wil 
worth  while  to  insert  here  the  table  of  the  change  of  vol 
which  this  metal  undergoes  at  different  temperatures,  as 
termined  by  Erman*s  experiments,  on  account  of  the  diffe 
rates  at  which  these  alterations  take  place  at  different  y 
of  the  series. 

EsMUMion 

4»f  lUMbk 


Temp. 

Volume.      [ 

Trap. 

Votam*. 

32<» 

HKKKK)  . 

223=-25 

I-OI842 

43-25 

H)OOHM 

234-5 

l-ounri 

.54-5 

HHHiri  : 

'  245-75 

1-02105 

^k5-75 

11K)32«  ' 

!  2,57 

Hr22I7 

77 

HH)443  ' 

2i;h -2,5 

1-022S1I 

8H-25 

HHHiSi 

271^5 

Hr23ll5 

W^5 

HM>M)3 

2IM>-75 

1-02529 

na-75 

]-0()H30 

.31  »2 

UVISM 

122 

l-iHHiVJ 

313-25 

l-02<;i*3 

1 33-25 

KM)12I> 

324-5 

1-02784 

1 44-5 

(HJIMHO 

335-75 

1-02111(1 

I5.V75 

(K^ri'll 

317 

1-03072 

w;7 

Oilll3Hll  t 

:i5S-25 

1-03152 

I7M-25 

, 

3li;*-5 

1-03277 

1^1^5 

HX)W>5 

380-75 

H»3403 

»K)-75 

hh)n;2 

3ir2      , 

1-0341»,5 

212 

1-017*12 

From  32''  to  IIO*>-75,  the  chantrcs  of  volume  are  nc 
pniportioual  to  the  tom|M*ratures.  Keyond  110*'*75  (ml 
the  volume  is  a  maximum)  the  metal  undergoes  a  coutrac 
inatead  of  an  expansion  when  heat  is  added.  This  cunt 
tion  is  at  Arst  very  rapid,  but  it  irrndually  diminishes  to  al 


•  Ann.  lit-  riiim.  ft  H»-  l*h%f.  \\.  It»7. 
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^*7&3  which  is  the  point  of  greatest  density.  The  yolume 
ITS'^^Sd  is  nearly  the  same  as  at  32^.  The  volume  from 
i®*7o  begins  to  increase  at  first  very  slowly,  but  the  increase 
dually  augments  to  200<>*75,  which  is  the  point  of  fusion. 
iween  2O0<^'75  and  2l2s  the  increase  of  volume  is  very 
aiderable;  but  beyond  that  point  the  increase  is  nearly 
ilar  to  what  it  was  between  32^  and  11 0^*75. 
Sniian  has  also  made  a  set  of  experiments  to  determine  the 
itation  of  phosphorus  at  different  temperatures.  It  has  no 
at  of  maximum  density,  but  continues  to  dilate  as  the  heat 
The  following  table  shows  the  amount  of  this  dila- 


S«ct.  I. 


T«ip. 

Volune. 

Temp. 

Volume 

32*» 

1-000000 

770 

1-008973 

38-5 

1-001461  i 

88-25 

1-011889 

43-5 

1-002571 

96-575 

1-014338 

49-1 

1-004466 

100-85 

1 -046847 1 

52-25 

1-005212 

110-3 

1-051709 

56-75 

1-005366 

120-425 

1-054319 

59-9 

1-005711 

131-48 

1-057679 

62-15 

1-006172 

142-25 

1-061349 

64-175 

1-006439 

152-375 

1-067985 

66-75 

1-006630 

163-625 

1-071143 

69 

1-006953 

175-1 

1-075070 

74-75 

1-008504 

186-125 

1-079086 

Expansion 
of  pbotpbo- 


riu. 


We  see  from  this  table  the  sudden  increase  of  volume  which 
be  phosphorus  undergoes  when  it  becomes  liquid.  While  the 
kosphorus  is  solid,  the  increase  of  volume  which  it  sustains 


ly  proportional  to  the  temperature.     But  liquefaction 
a  sudden  expansion  independent  of  the  temperature, 
liquefaction,  the  dilatations  from  a  given  quantity  of  heat 
much  greater  than  when  the  phosphorus  was  solid,  but 
these  dilatations  are  proportional  to  the  temperature. 
S»  Solids  are  precisely  in  the  same  situation  with  liquids  as  Expamion 
hr  as  their  expansion  by  heat  is  concerned.     Their  particles 
each  other,  with  more  or  less  force  according  to  the 
This  attraction  opposes  the  expanding  power  of  heat. 
every  solid  must  have  a  degree  of  expansion  peculiar 

*  Ann.  de  Chim.  et  de  Phys.  zl.  209. 
t  At  this  temperature  the  phosphorus  melted. 


of  solids. 
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^'fc^p-  >'   to  itself ;  and  the  rate  of  expansion  in  solids  as  well  as  Uqa 
must  increase  as  their  temperatures  augment. 

As  glass  tubes,  filled  with  mercury,  are  employed  io  on! 
to  measure  temperature,  it  becomes  an  object  of  ^rrcat  con 
quence  to  determine  the  dilatability  of  diflPerent  kinds  of  glj 
by  heat.  Mr  James  Crichton  of  Glasgow  has  examined  ti 
dilatability  with  uncommon  care.  The  following  table  cxhibi 
the  results  of  his  experiments. 


EvpMMioa 

of  glSM. 

Colourless  glass 

: 

1  in  Tdim*  u  Si* 
btOMBM  at  tlf 

lDl>«ctaiaL   InVulc.  fr. 

1  la  Itiifftli  ac  SP 

St.  f  f.    . 

:M76 

]-O00GlM>3   1^ 

Flint  glass 

l-iN)2422     ,i\tt 

Browuish  red 

3-301 

HM)2M7    li's* 

1-0007158  tAi 

Deen  blue 
DuslcT  red 

3-22J* 
3-274 

l-0(r23f^5     Wit 
HH>2403    ,ViT 

1-00078<]I    TiVv 
1-000801*2  TiVi 

Dulon^  and  Petit*s 

HM)2344    Wmm 

l-iH)0778S  ivVi 

Dificrent  kinds  of  glass  differ  so  much  from  each  other  tk 
no  general  rule  can  be  laid  down.  Lavoisier  and  Laplai 
found  that  it  was  the  less  dilatable  by  heat  the  more  lead 
cuntained.f  Several  determinations  will  be  found  in  the  pr 
ceding  tables,  and  I  shall  add  some  more  here.  Ramsdi 
found  the  expansion  between  32^  and  212<=>  of  a  solid  gla 
rod  0-00961)44,  and  that  of  a  glass  tube  0-0093138.  De  Luc 
experiments  on  the  expansion  of  thermometer  and  baromet 
tul>es  may  be  seen  in  the  following  table. 


Traip. 

Bulk. 

Tnnp. 

lUilk. 

T««9. 

B«tt. 

32^ 

IINNNK) 

lOO*' 

10(N)23 

Hn* 

I(K)056 

50 

1INNHN> 

120 

hKN)33 

l!i<» 

hMNl69 

70 

1<N)014 

150 

1004»4I 

212 

UKH>83 

I  shall  introduct*  here  the  table  of  the  ex|)ansion  of  diffcrc 
volid  liodies  from  32»  to  212<>,  as  determined  by  Lavoisier  ai 
Laplare,  in  17H2.  The  experiments  seem  to  ha\e  been  ma 
with  very  great  care.  They  were  8up|>0!»ed  to  have  been  lo 
but  have  lately  been  ret-ovcrod  and  published  by  Biot4 


*  Thr  mrri-ctiiin  |K>iiiUtl  out  by  Mr  ('richtuii  in  tlic  calculatians 
Duliiiij  :in<l  i*i-tit  lia»  Utti  ni«i<lf.  Sf  Anna]*  of  l^hiluMtithj.  («««« 
M-ric*«.    %ii.  24. 

t  liii»l.     Truiir  lU  rii%M«ftH'.  I.  l.'»7-      I  Traitt' ilr  Ph%»ii|ur.  i.  Ija 
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Sufaitincet  tried. 

Leogth  of  a  rule  at 
2I2»  which  at  S8« 
U  1.00000000. 

DUatatlon 
in  vulgar 
fraction!. 

Qus  of  St  Gobain           '. 

1,00089089 

ttVt 

Glass  tube  without  lead 

1,00087572 

TT^TT 

Ktto              .... 

1,00089760 

TT>TT 

Ditto              .... 

1,00091751 

tAit 

English  fliDt  g^lass 

1,00081166 

t«St 

French  glass  with  lead* 

1,00087199 

ttVt 

Copper 

1,00172244 

Th 

Copper 

1,00171222 

zh 

Bns8     .... 

1,00186671 

siz 

Brass     .... 

1,00188971 

zi^ 

Hammered  iron 

1,00122045 

z\^ 

Iron  wire         .                  .     . 

1,00123504 

fiv 

Hard  steel       .... 

1,00107875 

TiT 

Soft  steel        .... 

1,00107956 

lAz 

Tempered  steel 

1,00123956 

T*T 

Lead      ..... 

1,00284836 

Tir 

Malacca  tin             ... 

1,00193765 

-s\v 

Im  from  Falmouth 

1,00217298 

ji. 

(^Ued  silver 

1,00190974 

rfT 

SQfer,  Paris  standard 

1,00190868 

T*» 

hregold        .... 

1,00146606 

«u 

Cold,  Paris  standard,  not  sof^ 

ned    1,00155155 

%u 
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Sect.  I. 

ExperU 
meiiU)  of 
Lavoisier 
and  La» 
place. 


1       Ditto,  softened        .         .  1,00151361  ^ 

f  bike  year  1754,  Mr  SmeatoD  published  a  set  of  experi- 
PM  on  the  expansion  of  different  substances,  measured  by 
rpfm  of  a  yery  ingenious  instrument  of  his  own  invention, 
rfaeribed  by  him  in  the  Philosophical  Transactions  for  that 
^JBv.f    The  following  table  shows  the  expansions  which  the 

Fient  substances  tried,  undergo  from  32<^  to  212<^,  suppos- 
fte  original  bulk  to  be  unity. 
y        White  glass  barometer  tube 
|.        Antimony          ..... 
|.         Blistered  steel            .... 
,         Hard  steel 

m  *  Bidberg  says  that  soda  glass  expands  ^  more  than  potash  glass.    See 
IBMiorTs  Annalen,  xli.  283.    Our  English  crown  glass  and  also  flint 
'iiaadewith  soda. 
Pia.  Trans.  1754,  p.  598. 


0-00083 

Of  Stnea- 

0-001083 

ton. 

0-001125 

0-001225 
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(H)01258 

0001392 

0001700 

0O0181G6 

0001908 

0001933 

0001933 

0O0205B 

0002283 

0002483 

0002508 

0002692 

0002867 

0002942 

0O0301I 


Grarrml 
Hoy. 


Iron  .... 

Bismuth 

Coppi*r  hmmmered 

Copper,  8  parts  mixed  with  tin 

BrmsSf  10  parts  with  tin  1 

Brass  wire 

Speculum  metal 

Spelter  solder,  rii.  brasit  2,  tine 

Fine  pewter 

Grain  tin  ... 

St>ft  solder,  vit.  lead  2,  tin  1 

Zinc,  8  with  tin  1,  a  little  hammered 

Lead 

Zinc  ..... 

Zinc  hammered  ^  an  inch  per  foot 

The  following  table  exhibits  the  dilatations  of  different  auk 
stances  as  determined  by  General  Roy,  the  accuracy  of  whoac 
experiments  is  well  known. 

GlaM  tnbe       ..... 

(flass  rod 

Cast-iron  prism        .... 
Steel  rod         ..... 
Brass  scale,  sup|iosed  from  Hamburgh 
English  plate  brass  rod 
English  plate  brass  trough 

In  the  following  table  I  shall  give  the  result  of  the  triab  d 
some  other  artists  and  philosophers  on  the  expanstoo  of 
other  bodies,  reckoninsr  as  usual  the  bulk  at  32o  to  be  1. 
expansion  given  is  from  32^  to  212o. 

Steel  <H)011M1^I. 


0O0077615 

000080787 

00011094 

0001 1447 

00018554 

0001875 

00018928 


Tk 


Silver 

Copper 

Iron  wire 

Iron 

Platinum 

Platinum 

Palladium 


(W>a20826. 

<HK)lyl88. 

<HH)14401. 

<HH>144*;. 

<MXX)9918. 

(HHH)i?5r>55. 


Tronghton. 

1  roughtoD. 

Troughton. 

Troughton. 

Illllstrtiiii. 

Trooghton. 

Borda. 

Wollaston. 


<HHno. 

The  following  table  exhibits  the  expansion  of  an  iron  roc 
in  length  for  different  temperatures,  as  determined   by  iIn 
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qwriments  of  Hallstrom,   I  believe  with  considerable  ac-    Sect,  i. 


nej. 

nmp^ 

Length  of  an  iron  rod. 

Itt  Diff. 

SdDiS: 

ad  DUr,     Expnntlon 

40^ 

0-999632 

of  iron. 

22 

0-999721 

89 

4 

0-999811 

90 

1 

14 

0-999904 

93 

3 

2 

32 

1-000000 

96 

3 

0 

50 

1-000102 

102 

6 

3 

68 

1-000211 

109 

7 

1 

86 

1-000328 

117 

8 

1 

I04 

1-000453 

125 

8 

0 

122 

1-000588 

135 

10 

2 

I40 

1-000734 

146 

11 

1 

158 

1-000892 

158 

12 

1 

176 

1-001063 

171 

13 

1 

194 

1-001247 

184 

13       ~, 

0 

312 

1-001446 

199 

15 

2 

We  see  from  this  table  that  the  dilatation  of  iron  increases 
iftli  the  temperature.*  Few  other  experiments  have  been 
to  determine  the  rate  at  which  the  expansion  of  solids 
with  the  temperature,  though  there  is  no  reason  to 
Bobi  that  such  an  increase  takes  place  in  all  solid  bodies. 
Hie  following  table  shows  the  dilatation  of  iron,  copper,  and 
JBlimTTrj  at  212^  and  at  some  higher  temperature,  as  deter- 
by  the  experiments  of  Dulong  and  Petit. 


Il»«^212^ 
WO  '582 


donor 


irl 


vu 


or 


broil. 


^VH^i^S^  DlUU-Temivby.ther. 
-Si^^S^#    tlonor    momeCernudo 

orooppor. 


copper. 


DtUta. 

Uonor 

pUtmum 


Cent.  I   Fah. 

100^  .212^ 


Cant. 

ttW.IOO^ 


372-6  702-7  rrhn  328-8 1623-8 


Fab. 
212^ 


WTTCJI 


Temp,  bjr  a  tber. 

mometor  mad* 

orplatinuaa. 


Cent 
100« 


Fab. 

212<> 


311-6592-88 


IncreAwd 
dilatation 
by  heat. 


*  If  1  be  the  side  of  the  cube  constituting  unity  of  volume,  d  the  dilata- 

of  that  nde  for  tn  increase  of  temperature*  the  volume  of  the  cube  be- 

(1  4-  iif,  or\'\'Sd+S(P  +  tP.     But  d  in  general  being  very 

3  d^  and  dP  may  be  neglected ;  so  that  the  new  cube  may  be  ex- 

bj  1  4"  ^  ^*     Hence  we  see  that  thrice  the  linear  dilatation  is 

the  cubic  ctilatation. 
the  tame  reason  the  dilatation  of  a  surface  will  be  expressed  by 
14^  2  d. 
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The  following  linear  dilatations  have  been  determined 
Mr  Daniel,  when  engaged  in  making  experiments  with  ] 
pyrometer.* 
Diniennioiin  which  a  bar  take«  whoso  length  at  G2?  is  1-0000(K 


Black-lead  ware.. 
Wedgewood  ware 
Platinum 


I  run  (wrought) 


Iron  (cant). 

Gold 

Cop|)er.... 

Silver 

Zinc 


At  «!»>  (lao-  .  ■  At  W1*  ttkxry 


HKMr244 
IMMW)7:« 


1 -0(^70:* 


HHHHJ84     1-004483 


1 -0031*4.3 
1 -00423S 

1 -00*3347 
1  -OOf  iHHIi 

1-OOK527 


1  -000893 

1-001025 

1-0014.30 

1-0016213 

1-002480 

I^atl I  1-002323 

Tin I  1-001472 ;    1-003798 

Briwu.     Zinc  \ !  HK)1787     1-007207  i    1H)21841 

;  Bronze.     Tin  ^ 1-001541     1-007053      I-0I633« 

Pewter.     Tin  } !  1-(K>U)JH>     

|Tt|h*  Metal I  l-(H)H>Iir>  I  


At  inUM  of  Fi 


(l-00992r>«yimi«. 

bat  MM  taMAI 

(1-Ol8378to 

po4ator 

1-016389 


■I 


1-024.376 
1-020640 
1-012621 
1-001K)72 


1-003776 
1-004830 


There  are  various  bodies,  which,  when  cooled  down  t4 
particular  point,  change  their  state,  and  from  being  liqu 
become  solids.  This  change  is  fretiuently  accompanied  bj 
diminution  of  bulk.  Thus  when  olive  oil  freezes,  it  sinks 
the  bottom  of  the  unfrozen  portion,  indicating  an  incremse 
density  or  a  diminution  in  bulk.  When  melted  gold  or  sil^ 
is  allowed  to  congeal,  it  also  contracts  in  its  dimensions^ 
diminisht»s  in  hulk.  It  is  this  diminution  which  prevents  moi 
from  being  cast  of  these  metals,  and  obliges  us  to  stamp 
Rut  the  caM*  is  very  different  with  water,  and  with  many  oil 
liquid  Innlies  when  they  congeal.  They  experience  a  coiu 
erable  augmentation  of  bulk  in  the  act  of  congealing.  1 
^^!kivrS!^  conse<|uence  in,  that  the  s|>ecific  gravity  of  the  solid  body 
IcKs  than  that  of  the  liquid,  though  its  temperature  be  low 
These  iKnlics,  at  that  particular  temperature  at  which  ll 
chan^t*  their  Ktate,  constitute  another  exception  to  the  gene 
law  of  expansion  by  heat.  They  increaM-  in  bulk  when  cot» 
down,  instead  of  when  heated.     'I'his  change,  however,  is  < 


mIM. 


*  IMii!.  Troll V  1831.  p.  4M\, 
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▼ionely  owing  to  the  new  form  which  the  body  assumes,  and     Sect.  I. 
indicates  a  new  arrangement  of  the  particles,  in  consequence 
of  which  they  separate  to  a  greater  distance  than  formerly. 

I  foandy  a  good  many  years  ago,  that  ice,  supposing  it  quite 
free  from   air  bubbles,  will  remain  at  rest  in  any  part  of  a 
quantity  of  alcohol  diluted  with  water,  till  its  specific  gravity 
be  reduced   to  0*92  :  hence  it  obviously  possesses  the  specific 
gravity  of  0-92.     Messrs  Roget  and  Dumas  state  the  specific 
gravity  of  ice  to  be  0*95.*     When  ice  shoots  upon  the  surface 
of  water,  it  forms  prisms,  making  angles  of  60<^  and  120<)  with 
each  other.     Mr  Dalton  has  shown  that  if  wc  consider  the 
particles  of  water  to  be  spherical  and  of  the  same  size,  and 
suppose  a  cubic  vessel  to  be  filled  with  water,  the  particles  at 
ihe  bottom  may  be  conceived  to  be  placed  in  regular  rows. 
The  second  stratum  will  also  constitute  regular  rows,  but  each 
particle  will  be  placed  in  the  intervals  between  the  inferior 
so  that  each  particle  will  rest  upon  or  in  the  interval  be- 
fonr  particles  below  it.     Let  us  suppose  the  cubic  box 
to  be  drawn  into  a  rhombus,  the  sides  of  which  make  angles 
of  60'  and  I20<'  with  each  other,  the  lowest  stratum  will  still 
consist  of  the  same  number  of  particles  as  before ;  but  every 
particle,  instead  of  touching  four  others,  as  in  the  former  case, 
will  now  touch  six  others,  so  that  the  intervals  between  the 
particles  will  be  less  than  before.     But  the  height  of  the  pile 
win  be  increased,  every  particle  in  the  second  stratum  resting 
in  the  ioterval  of  three  particles  below  it.     Mr  Dalton  has 
Aown  that  the  capacities  (or  the  number  of  particles)  in  the 
two  Tesacls  will  be  as  0*707  to  0*750  very  nearly,  or  as  1*00 
to  0-942.t     Now  this  is  very  nearly  the  difierence  between 
Ae  apecifi'e  gravity  of  water  and  ice.     Hence  it  is  probable 
that  the  diminution  of  density  is  owing  to  such  a  new  arrange- 
ment of  the  particles  of  water. 

The  prodigious  force  with  which  water  expands  in  the  act  Ah  water, 
flf  freezing  has  been  long  known  to  philosophers.   Glass  bottles 
flied  with  water  are  commonly  broken  in  pieces  when  the 

*  Annak  of  Philosophy,  (ficcond  Rcrios,)  Hi.  39*2. 
t  DaltonV  New  System  of  Chemical  Philosophy,  i.  135. 

D 


34  HE.\T. 

Chap.  r.   water  freezes.     Tlie  Florentine  academicians  burst  a  braa 


globe,  whose  cavity  was  an  inch  in  diameter,  by  filling  it 
water  and  freezing  it.  The  force  necessary  for  this  effect 
calculated  by  Muschenbroeck  at  27,720  lbs.  But  the  most 
complete  set  of  experiments  on  the  expansive  force  of  freering 
water  are  those  made  by  Major  Williams  at  Quebec,  and  pub- 
lished in  the  second  volume  of  the  Edinburgh  Transacikm$. 

The  same  expansion  is  observed  during  the  crystallizatioii 
of  most  of  the  salts;  all  of  them  at  least  which  shoot  into  pris- 
matic forms.  Hence  the  reasbn  that  the  glass  vessels  in  wbick 
such  liquids  are  left  usually  break  to  pieces  when  the  crjitab 
are  formed.  A  number  of  experiments  on  this  subject  bare 
been  published  by  Mr  Vauquelin.* 

Several  of  the  metals  have  the  property  of  expanding  at 

the  moment  of  their  becoming  solid.     Reaumur  was  thf  ifit 

philosopher  who  examined  this  point.     Of  all  the  metaBb 

bodies  that  he  tried,  he  found  only  three  that  expanded,  whis 

biMttuih"'   ^^  *^®  ^®*  contracted  on  becoming  solid.     These  three  w« 

and  anti.    cosi  iwn,  bumulhy  and  €mHfn(my.^     Hence  the  precisioD  vilk 

inony. 

which  cast  iron  takes  the  impression  of  the  mould. 
Crystaif.  When  bodies  crystallize,  they  generally  increase  in  bdk; 
but  when  they  become  solid  without  any  appearance  of  orj^ 
tallization,  cdminution  of  bulk  very  frequently  accompanies  to 
change.  Most  of  the  oils,  when  they  solidify,  form  rery 
lar  spheres.  The  same  thing  happens  to  honey,  and  to 
of  the  metals,  as  mercury,  which  Mr  Cavendish  has  short 
from  his  own  experiments,  and  those  of  Mr  Macnab,  to  kM 
about  ^^^d  of  its  bulk  in  the  act  of  8olidification4  When  tfi* 
phuric  acid  congeals,  it  does][not  perceptibly  expand,  nordos* 
it  in  the  least  alter  its  appearance.  Sulphuric  acid,  of  di^ 
specific  gravity  1*8,  may  be  cooled  down  in  thermometer  tubi^ 
to  — 36**  before  it  freezes ;  and  during  the  whole  proceai  ^ 
continually  contracts.     At  — 36^,  or  about  that  temperatar0» 

*  Ann.  de  Chim.  ziv.  286. 

t  Mem.  Par.  1726,  p.  273.  Berthollet's  Statique  Chimiqoe,  ii.  M9- 
Tbe  other  metals  tried  by  Reaumur  were  gold,  silver,  copper,  tin,  lesdktfi^ 
zinc. 

t  Phil.  Trans.  1783,  p.  23. 
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Sfteeres;  but  its  appearance  is  so  little  altered,  that  I  could    Sect,  ll. 
WBimMj  myself  whether  or  not  the  liquid  was  frozen  till  I 
hnkt  the  tube.     It  was  perfectly  solid,  and  displayed  no  ap- 
!  femnoe  of  crystallization.     On  the  other  hand,  cast  iron 
i^mds  in  the  act  of  congealing.* 

SBCT.  II OF  THE  THERMOMETER. 

The  knowledge  of  expansion  qualifies  us  for  understanding 
Ik  nature  of  the  thermometer^  an  instrument  contrived  for 
MBoring  the  alterations  which  may  take  place  in  the  tem- 
yaitires  of  bodies. 
Tbc  invention  of  the  thermometer,  like  that  of  gunpowder,  ^J^^Jf*', 

\  ■  BTolved  in  considerable  obscurity.     Drebbel,  a  physician  mometer. 
A  ADmaer  in  Holland,  is  stated  by  Boerhaave  to  have  made 
Anometers  about  the  beginning  of  the  1 7th  century.    Sano- 
W^  the  celebrated  founder  of  statical  medicine,  who  was  a 
infeiBorat  Padua,  at  the  commencement  of  the  17th  cen- 

,  kfjTi  lays  claim  to  the  invention  of  the  thermometer .f  And 
Ail  daim  is  sanctioned  by  Borelli,  who  gives  us  an  engraving, 
%ether  with  a  description  of  the  original  thermometer  of 
&Morio4  Malpighi,  also,  who  was  a  professor  at  Pisa, 
M  ike  intimate  friend  of  Borelli,  ascribes,  in  his  posthumous 
^rti,  the  original  invention  of  the  thermometer  to  Sanctorio.§ 
&Btt  testimonies  are  sufficient  to  satisfy  us  that  Sanctorio 
hi  the  first  person  who  thought  of  constructing  a  thermo- 
Mar,  at  least  in  Italy,  which  was  at  that  period  the  peculiar 
Mafthe  sciences. 

•  Baetorio's  thermometer  was  merely  a  glass  tube  with  a  First  ther- 
■I  blown  at  the  extremity,  the  open  end  of  which,  after  the  Sr 
*kid  been  somewhat  rarified,  was  plunged  into  a  coloured 
%iii     When  the  air  cooled,  it  resumed  its  original  bulk 

I^eipretz  found  that  margaric  acid,  oleic  acid,  stearic  acid,  olire  oil, 
^m,  pmffin,  and  naphthaUn,  all  dinunish  in  volume  when  they  freeze. 
••  F^o^Sendorf' 8  Annalen,  xli.  4d8. 

t  Co«.  in  Galen.     Art.  Med.  p.  786,  842 ;  aa  quoted  by  Dr  Martine. 

tl^Hoto  Animalium,  lib.  ii.  prop.  175. 

•  Opcr.  Post.  p.  80.     See  Marine's  Essays,  p.  4. 
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Chap.  I.   nearly,  and  a  portion  of  the  coloured  liquid  rose  in  the  tube. 
This  tube  was  divided  into  a  number  of  equal  portions,  called 
degrees.     When  the  temperature  of  this  tube  was  raised,  tlie 
air  in  it  expanded,  and  the  coloured  liquid  sank  in  the  tube. 
When  its  temperature  was  lowered,  the  bulk  of  the  air  diiiuii> 
ished,  and  the  coloured  liquid  rose  in  the  tube.     The  number 
of  degrees  which  the  coloured  liquid  rose  or  fell  indicated  the 
change  of  temperature.     Thus  Sanctorio's  instrument  was 
what  is  called  an  air  thermometer ;  the  changes  of  tempera- 
ture being  indicated  by  the  alterations  in  the  volume  of  the 
air  confined  in  the  tube.     As  the  tube  was  plunged  into  an 
open  dish  filled  with  coloured  liquid,  it  is  evident  that  the  rise 
and  fall  of  that  liquid  would  be  affected  not  merely  by  altera- 
tions in  the  temperature,  but  also  by  all  changes  in  the  densitf 
of  the  atmosphere.      When  the  barometer  stood  high,  the 
liquid  would  be  more  elevated  in  the  tube  than  when  the  baro- 
meter was  low,  even  supposing  no  alterations  in  the  tempefft- 
ture. 
Improved        The  Florentine  academicians,  about  the  middle  of  the  17tb 

by  the  Flo-  ,       ,       /•        .  i  rrn 

rentinf)       century,  made  the  first  improvement  on  thermometers.    Thej 
ci»nn^ '     employed  a  long  glass  tube,  blown  at  one  extremity  into  a  ballt 
which  they  filled  up  to  a  certain  mark  in  the  tube  with  spirit 
of  wine.     The  extremity  of  the  tube  was  then  sealed  hct^ 
metically,  by  melting  it  by  a  blowpipe.     The  tube  was  aftei^ 
wards  divided  into  100  equal  parts,  called  degrees,  by  meao* 
of  small  particles  of  white  enamel.*     Boyle  claims  for  him»c» 
the  merit  of  first  introducing  such  sealed  instruments  into  Eng^ 
land.     At  first,  he  says,  no  one  would  believe  that  a  liquid 
would  expand  and  contract  in  a  tube   hermetically  seaio^ 
But  he  convinced  himself  of  the  fact  by  actual  trial,  and  W^ 
still  farther  satisfied  by  the  sight  of  a  small  thermometer,  cof^ 
structed  in  this  way,  from  Florence.f 
andbyFah-      About  tlic  beginning  of  the  18th  century,  Mr  Fahrenh^*^ 
originally  a  merchant  in  Dantzic,  who,  after  failing  in  bu^^ 
ness,  settled  at  Amsterdam  as  a  thermometer-maker,  subs*** 

♦  See  Waller's  Translation  of  the  Essays,  &c.  of  the  Academy   *^ 
Cimento,  p.  2. 
t  Shaw's  Boyle,  i.  5R2. 
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tiled  nercury  for  spirit  of  wine,  and  greatly  diminished  the;  Sect,  u. 
tm  of  the  tube  and  the  bulb.     This  rendered  the  instrument 
Ofible  of  measuring  much  higher  degrees  of  temperature ; 
&r  mercury  does  not  boil  till  raised  to  a  much  higher  temper- 
itire  than  spirit  of  wine. 

The  instrument,  as  originally  made,  laboured  under  a  great 
Met,  and  many  years  elapsed  before  philosophers  thought  of 
ihe  proper  remedy.  No  two  instruments  agreed  with  each 
flther.  The  scale  of  degrees  applied  to  the  tube  was  quite 
riitnry.  It  was  differently  constructed  and  differently  applied 
■  erery  thermometer;  and  experiments  made  with  one  could 
Mt  be  usefully  compared  with  those  made  with  another. 

The  most  important  improvement  in  these  instruments  was  How  made 
■veontriyance  of  a  method  of  applying  their  scales  so  as  to  pond  with  \ 
aAe  them  agree  with  each  other  when  exposed  to  the  same  momet«n. .. 
teaperature,  whatever  that  may  be.     This  was  attempted  by 
ttrent  methods  in  different  parts  of  Europe,  till  at  last  one 
*tt  hit  upon  so  superior  to  all  the  rest,  that  it  was  soon  uni- 
'ttiilly  employed. 

&  Isaac  Newton  seems  to  have  first  proposed  this  me- 
^;*  and  Fahrenheit  was  probably  the  first  thermometer- 
■d^er  that  put  it  in  practice.      It  is  founded  on  two  dis- 
oneries  made  by  Dr  Hooke :  the  first  in  1664,  the  second  in 
UB4.    It  was  observed  by  Dr  Hooke  that  water  is  changed 
■to  ioe  when  cooled  down  to  a  particular  temperature,  and 
Ait  this  temperature  remains  the  same  aU  the  time  that  the 
Viter  18  changing  into  ice,  or  the  ice  into  water.     If  we  take 
A  diennometer  and  plunge  it  into  melting  snow,  taking  care 
Ait  the  ball  be  completely  covered,  the  quicksilver  will  be  con- 
iRKted  by  the  cold  and  descend  in  the  tube.     It  will  at  last 
ilap  and  continue  at  the  same  place  so  long  as  any  considerable 
fvt  of  the  snow  remains  unmelted.    If  we  now  mark  the  part 
flf  the  tube  at  which  the  mercury  stopped,  and  repeat  the  ex- 
periment with  the  same  thermometer,  however  often,  and  at 
and  times  however  distant,  the  result  will  always  be  the 
»,  the  mercury  will  always  descend  to  the  same  part  of  the 

•  Phil.  Trans.  1701,  No.  270,  p.  824. 
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Ckm^  I.  tube  to  which  it  descended  the  fint  time,  and  will  remain  a 
tionary  there  so  long  as  any  considerable  part  of  the  am 
remains  unmelted/  This  shows  that  melting  snow  is  alwi 
equally  cold,  or  has  the  power  of  reducing  the  thermomel 
to  one  steady  density,  which  may  be  called  the  wtdiimg  an 
eapoiition  of  the  quicksilver. 

The  seoond  discovery  of  Dr  Hooke  was  of  a  similar  natu 
He  found  that  other  things  being  the  same,  water  always  I 
gins  to  boil  at  the  same  temperature.  If,  therefore,  we  ta 
the  thermometer  used  in  the  preceding  experiments,  immei 
it  in  boiling  water,  or  surround  it  with  steam,  and  keep  i 
liquor  boiling  around  it  for  some  time,  the  mercury  will  ascei 
to  a  certain  point  in  the  tube,  and  however  bng  we  ooatim 
to  boil  the  water,  it  will  ascend  no  higher.  If  we  mark  tl 
part  of  the  tube  to  which  the  mercury  rose,  and  afterwar 
repeat  the  experiment  ever  so  often  in  places  of  the  sas 
height  above  the  surface  of  the  sea,  and  when  the  height 
the  barometer  is  the  same,  the  mercury  will  always  rise  to  t 
same  point  as  the  first  time.  Thus  boiling  water  has  t 
power  of  bringing  mercury  to  another  determinate  state 
expansion,  which  may  be  called  the  boiling  water  expansion 
mercury.t 

These  two  points  may  be  marked  upon  the  tube  of  a 
thermometer,  by  plunging  it  first  into  melting  snow,  and  tb 
into  boiling  water.  The  distance  between  them  will  be  v( 
various  in  different  thermometers,  on  acoount  of  their  diffen 
sites,  and  the  different  proportions  which  the  balb  and  tul 
bear  to  each  other.     But  being  marked  on  each  iustrume 

I  have  tftketi  no  notict*  in  tho  text  of  the  curioui  obsenratiunt  bil 
HMd«*  at  (Bt*nova,  that  thprmorocten  frradoattHi  in  the  war  I  have 
•cribcdt  and  kept  far  a  cootiderable  time,  at  lait  came  to  ttaml  pen 
ncntly  a  iUsgrwi  or  half  a  ilegree  above  the  oriinnal  troraing  |iouit,  wl 
plunired  into  melting;  »now.  1  tlo  not  umiontaml  the  rcaAon  of  thb  chai 
and  am  latiiiHHl  that  it  docs  not  universally  take  pUcc ;  for  I  pOMta 
thermometrr  frraduated  more  than  4(^  voars  a^  by  Mr  (^richton  of  G 
ITOW,  the  ftvetinir  point  of  which  i«  •^lil!  n^  mvnnite  a«  when^the  tn»i 
meat  van  maiW*. 

t  TIh*  IxHlinir  |Niint  iiiiM  Ih  li\ifi  wh.  u  iht  )Mr<>mtt«*r  MamU  «i  a  dr 
niinrd  iMiinl.  ti«iMli%  v**t'!i-i  iru  li«^«. 
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tiwfwiD  enable  us  to  perceive  when  the  instrument  is  reduced    Sect.  ii. 
te  the  temperature  of  boiling  or  freezing  water.    The  distance 
ktveeo  these  two  points  may  be  divided  into  any  number  of 
|irti  or  d^;ree8,  taking  care  always  to  divide  it  into  the  same 
■■ber  of  degrees  in  each  thermometer,  and  to  number  them 
■  the  same  way  in  each.     The  corresponding  degrees  in  the 
weral  thermometers,  will  show  the  corresponding  states  of 
QftOBon  in  these  different  instruments.     If  we  wish  to  mea- 
■n  other  stat^  of  expansion  above  or  behw  the  primary 
pbti»  we  can  protract  the  scale  above  or  below  these  points 
tf  adding  to  it  as  many  degrees  of  the  same  size  as  the  tube 
«1  hold,  numbering  these  also  in  a  similar  manner  in  every 
ivflMnneter.     Or  we  may  choose  other  fixed  points  which 
■n  been  found  out  for  these  parts  of  the  scale,  such  as  the 
kiig  point  of  mercury,  the  melting  point  of  lead,  bismuth, 
^tiSifor  the  higher  extremity  of  the  range,  and  the  cold  pro- 
iMed  by  mixing  snow  or  salt,  or  by  pouring  dilute  nitric  acid 
M«ow,  for  the  lower  extremity. 

ii  diis  method  was  adopted  in  difierent  countries  at  differ- 
Mtioies,  and  as  there  never  was  any  connexion  between 
^beraometer-makers  in  different  countries,  the  consequence 
vbeen,  that  the  space  between  the  freezing  and  boiling  water 
|M8  has  been  divided  into  a  different  number  of  degrees, 
Hi  this  has  occasioned  a  diversity  in  the  thermometers  used 
■tterent  countries,  which  it  will  be  requisite  to  explain. 

hhrenheif  s  division  is  the  one  which  is  followed  in  this  Fahren. 

^^ttry.    He  did  not  begin  his  scale  at  the  melting  snow  point ;  mometer. 

M  it  the  temperature  produced  by  mixing  snow  and  com- 

Miilt,  or  snow  and  sal  ammoniac.     He  marked  the  point 

MiUdi  the  thermometer  stood  when  put  into  such  a  mixture, 

^(0^),  and  of  course  made  it  the  beginning  of  his  scale. 

^  then  plunged  the  thermometer  into  melting  snow,  and 

'Wsd  the  place  at  which  the  mercury  became  stationary  in 

*^  tttoation.     He  divided  the  distance  between  these  two 

W^  into  32  equal  parts  or  degrees.    So  that  upon  his  scale, 

-*  temperature  produced  by  mixing  snow  and  common  salt, 

'••Aed  0^,  while  the  freezing  point  of  water  is  marked  32o. 

*fcrther  protracted  the  scale  with  degrees  of  the  same  size, 
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Chap.  1.  to  the  top  of  the  tube  increasing  arithmetically.  Wh^i  m 
thermometer  constructed  in  this  way  is  plunged  into  boiling 
water,  the  mercury  stands  at  212o.  So  that  the  inteiral  b^ 
tween  the  freezing  and  boiling  water  points,  is  180o.  To  mea* 
sure  greater  colds  than  0^,  a  series  of  degrees  of  the  same  sixe  as 
the  others  was  continued  downwards,  as  far  as  the  tube  woaU 
admit.  These  increase  arithmetically  downwards,  and  are 
considered  as  degrees  of  cold.  They  are  called  degrees  below 
zero,  or  by  prefixing  the  mark  ( — )  mtnti^  before  them.  Thus 
— 20^,  means  20°  below  zero. 

The  instrument  is  not  now  constructed  in  the  way  that 
Fahrenheit  followed.  All  that  is  necessary,  is  to  find  the 
freezing  and  boiling  water  points,  to  mark  the  first  32^  and 
the  second  212^,  and  to  divide  the  interval  between  them  into' 
180  equal  parts  or  degrees.  The  scale  is  then  protracted 
upwards  and  downwards  as  far  as  the  length  of  the  tube  will 
allow. 
Reaumur*!  Iq  France,  numerous  experiments  on  the  construction  of 
ter.  thermometers  were  made  by  Reaumur,  during  the  first  half  of 

the  18th  century.  His  thermometer  was  of  spirit  of  wine* 
The  freezing  water  point  on  it  was  marked  0^,  the  boiliBg 
water  point  80<).*  De  Luc  afterwards  substituted  mercnry 
for  spirit  of  wine,  and  corrected  the  inaccuracies  under  whiok 
the  original  thermometer  of  Reaumur  laboured ;  but  as  ht 
did  not  alter  Reaumur's  division,  the  instrument  qontiniied 
always  to  be  called  Reaumur's  thermometer.  It  was  emptof* 
ed  in  France  before  the  revolution,  and  is  still  used  in  soM 
parts  of  Europe.  Every  degree  of  Reaumur  is  equal  to  S| 
degrees  of  Fahrenheit.  To  convert  the  degrees  of  Reaomiff 
to  the  corresponding  number  of  Fahrenheit,  we  must  muhiplj 
by  2*25  and  add  32  to  the  product. 
Ceitius'tf.  Celsius,  who  was  professor  of  astronomy  at  Upsala,  pubUflb* 
ed  an  account  of  a  new  thermometer  in  the  Memoirs  of  tte 
Stockholm  Academy,  for  1742.t     This  thermometer  was  » 

•  Reaumur's  Memoirs  on  this  subject,  will  be  found  in  the  Volumes  •■ 
the  Memoirs  of  the  Paris  Academy  of  Sciences,  for  1730  and  1731. 

f  Vol.  ill.  p.  171.  Celsius  relates  cx|)eriments  showing  that  the  freciin^ 
and  boilinp  point*?  of  water  arr  constant,  other  things  l>eing' equal ;  buttW 
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reorial  one ;  the  freezing  water  point  was  marked  0<>,  and    Sect,  i  r. 
boiling  water  point  100^.     This  thermometer  is  used  in 
eden.     It  was  adopted  by  the  French  at  the.  revolution, 
ler  the  name  of  thermometre  centigrade,  and  has  come  into  Thermo- 

,  metre  cea- 

■end  use  in  that  country,  and  in  several  other  parts  of  tigrade. 
■tipc.     Every  degree  of  it  is  equal  to  1  j^  degrees  of  Fah- 
idieit.     To  convert  the  degrees  of  Celsius  to  those  of  Fah- 
riiot,  multiply  them  by  1-8  and  add  32**  to  the  product. 

The  centigrade  thermometer  is  much  more  convenient  for 
oentific  purposes  than  that  graduated  according  to  Fahren- 
ilii*8  division.  It  is  much  to  be  wished  that  it  were  generally 
liipted  in  thb  country  by  men  of  science. 

M.  Delisle,  a  French  astronomer,  was  invited  to  St  Peters-  Dei»ti«*i-  . 
hv|  by  the  Empress  Catherine  I.  During  his  residence  in 
hieqiital  from  1726  to  1748,  he  constructed  a  thermometer, 
ibh  has  been  adopted  by  the  Russians,  "and  is  usually  known 
tf  the  name  of  Delisle's  thermometer.  In  it  the  numeration 
^ivatthe  boiling  water  point,  which  is  considered  as  the 
■■ndiry  between  heat  and  cold.  The  numbers  from  that 
Iw  iDcrease  downwards,  and  therefore  express  degrees  of 
Mneiion.  The  boiling  water  point  is  marked  0^,  and  the 
■•BBg  water  point  — 150^.  Hence,  5  degrees  of  Delisle  are 
•pd  to  6  of  Fahrenheit.  To  convert  the  degrees  of  Delisle 
kAose  of  Fahrenheit,  multiply  them  by  1'2,  Subtract  the 
pNiet  from  212,  if  the  heat  be  below  boiling  water;  but  if 
bheit  denoted  exceed  that  of  boiling  water,  we  must  add  the 
NBctto212o. 

After  thermometers  were  graduated  so  as  to  give  results  Whether 
^fride  of  being  compared  with  each  other,  it  became  natural  sion  con-es- 
i^1lire  whether  the  degrees  on  the  scale  represented  equal  ^e  h'lit. 
HKaients  of  heat.     The  scale  of  a  thermometer  divides  the 
nenents  and  diminutions  of  bulk  into  a  number  of  small 
pd  parts,  that  we  may  see  by  how  many  of  these  parts  the 
w<kf  the  mercury  is  increased  at  one  time,  or  diminished  at 
■oAer.    But  it  remains  to  be  considered  whether  these  equal 

ilUfiMg  water  point  varies  with  the  height  of  the  barometer.  He  quotes 
vMarttney  Sir  Isaac  Newton,  Fahrenheit,  &c.  who  had  preceded  him  in 
hilKnrttions. 
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Chapi  I.   alteratiooB  of  bulk  be  produced  by  equal  alterations 
Dr  Brook  Taylor  first  thought  of  determining  the 
perimentally  on  a  lintseed  oil  tbennoineter.     The 
his  experiments  was  published  in  the  Philosophical 
tions  for  1723/     Dr  B.  Taylor's  mode  of  ezperimei 
agidn  tried  by  Dr  Black,  in  1760,  without  bcin^  awai 
bad  been  already  anticipated.     But  Dr  Black  mad( 
periments  on  a  mercurial  thermometer.     De  Luc  i 
same  experiment  nearly  about  the  same  time.     Dr  < 
did  the  same  thing  several  years  later,  and  publisheil  i 
in  his  TYeaiiM  on  HeaL^ 

To  make  the  experiment  successfully,  it  is  neces 
the  tube  of  the  thermometer  be  perfectly  cylindrica 
the  length  of  each  degree  should  rary  according  to  tl 
the  particular  part  of  the  tube  which  it  repn^se 
Taylor's  experiment  was  made  by  mixing  together  hot 
water,  by  which  we  can  make  sure  of  a  knowledge  o 
differences  of  temperature,  independent  of  any  then 
If  we  mix  together  1  pound  of  water  of  the  ten 
I(M)o,  and  another  pound  of  the  temperature  200o,  i 
ous  that  the  surplus  heat  of  the  hot  water  will  be  e<iua 
ed  between  the  two  portions  of  that  liquid.  One*half 
enter  the  coldest  portion  and  increase  its  teinpcratu 
the  hottest  portion  will  have  lost  one-half  of  its  surpi 
the  whole  mixture  will  acquire  the  same  temperatun 
is  obrious  that  if  the  thermometer  be  an  accurate  me 
heat,  this  intermediate  temperature  will  l>e  the  ari 
mean  between  the  temperatures  of  the  two  liquids  i 
150O. 

The  result  of  the  experiments  of  Black,  De  I 
Crawford,  is  that  the  expanj^ion  of  men*ury  measi 
nearly  equal  increment  <>f  heat,  as  high  as  their  ex| 
went;  that  is,  to  212<>.  The  variation  (if  any  exi 
small,  that  it  may  l>e  safely  neglected  without  any 
error.  But  from  the  experimentH  of  Dulong  and  Pc 
is  reason  to  conclude  that  the  increasing  rate  of  the  ( 

•  Vt.l.  ixiii.  No.  :»7«.  f*.  ilM. 
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iflfeory  becomes  sensible  at  higher  temperatures  than  2l2o. 
it  increased  rate  becomes  sensible  when  we  expose  a  mer- 
ial  and  an  air  thermometer  to  the  same  temperature,  (cor- 
sfing  the  instruments  for  the  expansion  of  glass ;)  the  foi- 
ling are  the  points  on  the  scale  at  which  they  respectively 


Sect.  II. 


Alrtlwnii. 

212» 

Merc  thenn. 

212° 

Difl^rencr. 

0 

299-66 

302 

2-33 

386-69      •    . 

392 

5-31 

473-09 
558-86 

482 
572 

8-91 
13-14 

662 

680 

18 

We  see  from  this  table  (the  experiments  were  made  by 
DriMig  and  Petit),  that  the  boiling  point  of  mercury,  measur- 
liljits  own  expansions,  is  680o;  but  measured  by  the  ex- 
pMion  of  air,  662^.  Hence  the  increment  of  expansion  over 
kt  of  heat  at  that  temperature,  amounts  to  IS^,  or  (nearly) 
l^^ftbe  whole. 

If  ve  plunge  a  common  well  graduated  thermometer  into  boil-  ^"]^  ^^'' 
i|  Mercury,  it  stands,  according  to  the  observations  of  Mr  the  expan- 
BWiunj  at  660o :  so  that  the  expansion  of  the  glass  is  equival-  tube. 
Mto  30^*    It  therefore  almost  exactly  counteracts  the  increase 
f  Al  rate  of  the  expansion  of  the  mercury.    The  consequence 
I  Ail  fortunate  coincidence  is,  that  an  accurately  graduated 
blMvial  glass  thermometer  is  an  accurate  measurer  of  the 
PMie  of  temperature  as  high  as  the  boiling  point  of  mer- 
it}, or  to  6620. 

:  -Awn  the  different  methods  followed  by  philosophical  instru- 
MkMikers  in  determining  the  boiling  point,  it  was  found 
ptftennometers  very  seldom  agree  with  each  other,  and  that 
cften  deviated  several  degrees  from  the  truth.  This  in- 
Mr  Cavendish  to  suggest  to  the  Royal  Society  the 
of  publishing  rules  for  constructing  these  very  use- 
Mtraments.  A  committee  of  the  Society  was  accordingly 
flftmted  to  consider  the  subject.     This  committee  published 
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Chap.  1.  a  most  valuable  set  of  directions,  which  may  be  consulted  in 
the  Philosophical  Transactions.^  The  most  important  of  these 
directions  is,  to  expose  the  whole  of  the  tube  as  well  as  the 
ball  of  the  thermometer  to  steam,  when  the  boiling  water  point 
is  to  be  determined.  They  recommend  this  to  be  done  when 
the  barometer  stands  at  29*8  inches.  When  a  thermometer 
is  to  be  employed  as  an  instrument  to  determine  the  tempenip 
ture  of  any  place  where  it  is  suspended,  it  is  obvious  that  it 
never  can  be  accurate  unless  this  mode  of  graduation  be  fol- 
lowed. But  when  we  employ  it  in  the  laboratory  to  determins 
the  temperature  of  water  or  any  substance,  it  would  be  ineon- 
venient  and  often  impossible  to  plunge  the  whole  instrument 
into  the  body  whose  temperature  we  wish  to  determine,  b 
gener&l,  we  can  only  apply  or  plunge  the  bulb  into  it.  HeD09 
it  is  better  to  graduate  such  instruments  simply  by  plunging 
the  bulb  into  the  freezing  and  boiling  water,  in  order  to  deto^ 
mine  the  freezing  and  boiling  water  points. 

The  thermometer  merely  indicates  the  change  of  temperip 
ture  which  it  undergoes  itself,  when  applied  to  a  hot  or  cold 
body.     It  will  not  give  us  a  correct  idea  of  the  temperature  of 
Thermom.  another  body  into  which  we  plunge  it,  unless  it  bears  a  very 
be^^"     small  ratio  in  point  of  size  to  that  of  the  body  under  examiw- 
tion.     We  must  wait  for  some  time  till  the  thermometer  be- 
come stationary  before  we  draw  our  conclusion.     If  the  tem* 
perature   of  the  body  examined  be  undergoing  alteratioiif 
(either  augmenting  or  cUminishing,)  the  size  of  the  thenuoni^ 
ter  applied  ought  to  be  very  small,  that  it  may  acquire  tto 
temperature  of  the  body  to  which  it  is  applied  as  rapidly  9B 
possible.     Indeed,  if  the  thermometer  be  of  a  considerable  sis^ 
it  will  never  indicate  the  maximum  temperature  of  a  bodfy 
provided  that  temperature  be  of  short  duration.     I  suspended 
a  very  large  and  a  very  small  thermometer  near  each  other  in^ 
a  north  exposure,  and  shaded  from  the  sun,  to  determine  til9 


summer  temperature  of  Glasgow;  and  I  almost  constandf 
found  the  small  thermometer  a  degree  or  two  higher  than  the 

•  Phil  Trans.  1777,  p.  816. 
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krge  one,  about  the  time  of  the  day  when  the  temperature  was  Sccu  1 1. 

iBghe^  and  a  degree  or  two  lower  when  the  temperature  was 
iddett.  The  mean  temperature  of  the  day  indicated  by  each 
AeraKHneter  corresponded,  but  the  extremes  differed  several 


The  temperatures  which  we  can  measure  by  a  mercurial  ^'"Jf^* 
ftarmoiiieter  are  confined  within*  narrow  limits.  For  mercury 
fteeses  at  about  39^  below  zero,  and  boils  at  660^.  Hence  we 
ennot  mnploy  it  to  measure  greater  heats  than  66O0,  nor 
pttter  degrees  of  cold  than  — 39^.  Yet  many  temperatures 
CQuected  with  our  most  common  processes  are  much  higher 
ftn  660^.  The  heat  of  a  common  fire,  the  temperature  at 
lUdi  silver,  copper,  and  gold  melts,  and  many  other  such 
joist^  offer  familiar  examples. 

Mr  Wedirewood  contrived  an  instrument  for  measuring:  hiffh  Wedge- 

^_  ,  ^  0-0     wood  t  py- 

Mperatures,  which  was  known  by  the  name  of  Wedgewood's  rometer. 
Ijnmeter,  and  was  at  one  time  in  general  use.  It  consisted 
tf  Ottll  pieces  of  Cornish  clay,  moulded  into  cylinders  of  a 
ItoBiDate  size,  and  baked  in  a  low  red  heat.  These  pieces 
*veof  such  a  size  as  just  to  enter  between  two  square  brass 
^  fixed  on  a  brass  plate  24  inches  long,  half  an  inch  asun- 
'vttone  extremity,  and  0*3  inch  at  the  other.  The  brass 
^wo^  divided  into  inches  and  tenths,  making  in  all  240 
irUoDs  or  degrees.  When  pieces  of  clay  baked  in  Wedge- 
^iifs  manner  are  exposed  to  heat,  they  shrink  in  their  dimen- 

^  and  the  shrinkage  in  Wedgewood's  opinion  was  propor- 
^^Md  to  the  temperature.  This  was  the  foundation  of  bis 
^Wunent.  The  heat  to  which  the  clay  piece  was  exposed 
^^  indicated  when  its  shrinkage  was  measured  between  the 

>•  rods.  If  exposed  to  the  heat  at  which  silver  melts,  it 
I  Aiaeed  between  the  brass  rods  to  22o,  or  2*2  inches.  If  to 
;^  Belting  point  of  gold,  to  32^;  if  to  the  melting  point  of 

MtiroD,  to  130o,  and  so  on. 

Bat  Uus  pyrometer  of  Wedgewood  has  been  long  out  of  use. 
*'*  it  was  found  that  if  a  clay  piece  was  long  exposed  to  a  low 

i^Mture,  it  shrunk  as  much  in  its  dimensions  as  if  it  had 

^  exposed  for  a  short  time  to  a  much  higher  temperature. 
^  wrt,  the  time  of  exposure  has  as  much  effect  as  the  tem- 
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pyromcttr, 


Chap.  I.   pcrature  upon  the  alteration  of  the  dimonsions  of  the  clay 
pieces.* 

In  1803,  Guy  ton  do  Monrcau  presented  to  the  Preock 
Institute  a  pyrometer  of  platinum,  which  measured  high  tea* 
peraturos  by  the  expansion  of  a  pljite  of  that  very  refradory 
metal.t  Mr  Daniell,  of  London,  constructed  a  pyronelcr 
upon  similar  principles,  and  published  a  description  of  it  in  Ike 
1 1th  Tolume  of  the  Journal  of  the  Koyal  Institution,  io  18SK 
In  the  Philosophical  Transactions  for  1830,|  Mr  Danidl  has 
gif  en  a  still  fuller  account  of  his  pyrometer,  and  of  the  sobe»» 
quent  experiments  to  which  he  had  applied  it ;  and  the  sabjed 
was  still  farther  prosecuted  by  him  in  the  Tolume  of  the  T; 
actions  for  1831.$ 

His  instrument  consists  of  a  bar  of  platinum  10}  inches  I 
and  0*14  inch  in  diameter.    It  is  pUced  in  a  tube  of  black 
or  earthenware,  and  the  dtflference  between  the  expansioa  ( 
the  platinum  bar  and  the  earthenware  tube  is  indicated  oa 
circuUr  scale.     This  pyrometer  indicates  a  change  of 
7«  of  Fahrenheit's  scale;  or,  in  other  words,  lo  of  Danicll  i 
equal  to  7^  of  Fahrenheit. 

llie  following  tablt*  exhibits  the  fusing  points  of 
metals,  detennined  liv 

Tin 

Lead 

Zinc 

Silver 

( 'oppcr 

Cast  ir<m 
Another  very  ingenious  method  of  mtuisuring  kigk 
peratureit  has  lieen  suggested  by  thormo-oleetricity.     Wkoi 
two  wires  of  two  different  metals  are  Holdered  togetker 
attarhe<l  to  a  ikenmo^mtdliplier^l  if  the  flame  of  a  lamp  ke 


Mr  Daniell,  by  means  of  his  pyrometer. 

442o 

612 

773 
1873 
1996 
27R6 


*  S«<*,  for  an  account  of  Wc(lfrewoo«l*i  pyrometer,  PliiL  Trans.  ITHL 
|i.  3U:>;    1784,  p.  358;   I7H6,  p.  3U0. 


—      W  ^  ^      ^  »  '  ■ 

t   Ann.  df  VUimw,  xWu  'iTC.  t  V.  251.  $  P.  443. 

D  An  inttnimrnl  cimftbtin^  of  a  mairnctir  nrcdlr  well  poiaed,  aad  o^ 
circlfd  hy  a  roil  of  wirr.     It  will  Im*  (ipjicribcd  in  the  lecond  part  of  iMs 

^oluBir. 
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ilied  to  the  point  of  the  junction  of  the  wires,  while  another    s«ct.  u. 
pvtioQ  is  kept  cold,  the  needle  is  found  to  move,  and  the 
■Krant  of  deviation  has  been  found  proportional  to  the  heat 
if^Bed.    Two  platinum  wires,  differing  in  their  purity,  answer 
the  purpose.     Now,  when  two  such  wires  having  a  diameter 
cf  (h01312  inch  are  twisted  together  instead  of  being  soldered, 
ad  heated  at  the  junction  till  the  temperature  rises  540^,  the 
leeffle  is  observed  to  deviate  8**.    If  we  suppose  that  the  devia^ 
tiMi  is  directly  as  the  heat  applied,  then,  by  observing  the 
leiiatioD  of  the  needle  we  can  infer  the  increase  of  tempera- 
tee  to  which  the  wires  have  been  subjected.     In  this  way 
Beeq\ierel  found  the  rise  of  temperature  of  platinum  wire,  when 
'  filinto  various  parts  of  a  spirit  lamp,  to  be  a£  follows : — * 

Heat 

Jut  under  the  white  flame  and  above  the  blue        2462^ 

h  the  white  flame 1976 

bthe  dark  part  near  the  wick  •         1436 

&  tnd  Brogniart  tried  the  heat  of  the  reverberatory  fur- 
■eeit  Sevres,  in  which  the  porcelain  is  baked,  and  found  by 
Ik  lame  apparatus  that  the  heat  acquired  by  the  platinum 
nm  was  a^  follows  : — ^ 

HoU. 

o 


Just  after  being  put  in     . 

3780 

In  an  hour 

4188 

In  an  hour  and  a  half 

4244 

In  2^  hours   . 

4482 

In  3  hours 

4609 

The  thermometer,  notwithstanding  the  unavoidable  defects  The  tber- 
which  it  still  labours,  has  contributed  very  much  to  en-  hM  eniarg- 
kqp  oor  notions  respecting  heat.     Heai  and  cold  constitute  tionluDf  "^ 
itf  the  most  familiar  words  in  our  language.     When  either  ^^*' 
or  cold  is  intense,  it  constitutes  a  sensation  of  the  strong- 
land.     Both  are  capable  of  destroying  life.     We  are  ac- 
to  consider  both  heat  and  cold  as  a  positive  something, 
it  requires  an  attentive  consideration  to  render  it  probable, 
cold  18  nothing  else  than  the  absence  or  abstraction  of  heat. 

•TnH^  de  rEfectricite,  iv.  3.         f  Ann.  de  Chim.  et  de  Phys.  Itii.  5. 


48  HKAT. 

Cfc^^  I*  But  the  thennometer  furnishes  a  decisive  proof  of  the  accui 
of  this  opinion,  which  is  level  to  the  meanest  capacity.  It 
iracU  uninterruptedly  by  a  gradual  abstraction  of  heat,  an 
this  contraction  continues  to  the  very  lowest  point  which 
are  capable  of  reaching;  we  can  form  no  reasonable  doubt 
the  greatest  cold  is  pnKluced  by  the  alistraction  of  heat«  as  ' 
as  the  smallest.  We  have  no  doubt  that  the  con^elatioi 
lead  or  tin  takes  place,  when  a  certain  quantity  of  hea: 
withdrawn  from  these  bcMlies.  The  congelation  of  bet*s'  h 
of  tallow,  and  of  phosphorus,  is  produced  in  the  very  s< 
way,  and  so  also  is  the  freezing  of  water.  Yet  in  this 
case,  heat  gives  place  to  another  sensation,  namely,  of  r 
We  never  in  common  life  speak  in  this  last  case  of  a  dimi 
tion  of  heat ;  but  of  an  increase  of  cold.  But  the  ccmtin 
contraction  of  the  thermometer,  and  the  analogy  between 
freezing  of  lead,  wax,  and  water,  soon  induce  the  belief  t 
both  are  caused  in  the  same  way;  namely,  by  the  abstract 
of  heat.  Thus  our  ideas  of  the  operations  of  heat  are  grei 
^}*^f  extended.  We  now  know  that  no  mass  of  matter  has  ever 
iMBt.  been  found  totally  destitute  of  heat.     For  we  have  no  si 

cient  evidence  that  pure  alcohol  has  ever  yet  been  froz 
though  we  are  sure  that  it  only  requires  a  suflScient  diminut 
of  heat  to  produce  that  effect  on  it 

Indeed,  if  we  recollect  that  heat  is  continimlly  emanat 
from  surroun<ling  bodies,  and  that  bodies  absorb  it  so  mi 
the  more  greedily  the  colder  they  are,  we  cannot  conceif 
body  altogether  void  of  it,  which  is  exposed  in  the  neighbo 
C«Mf«t  HI.  hood  of  others  that  contain  it.  The  coldest  (Mirt  of  the  e« 
5JJ^  '^  of  which  we  have  any  accurate  knowledge,  is  Melville  isia 
situated  in  74»  47'  of  north  latitude,  and  1  lO""  48'  west  loc 
tude  from  (ireenwich,  where  (*aptain  Parry  wintered  dur 
the  year  1819-20.  During  the  months  of  November,  I)ect 
ber,  January,  February,  and  March,  the  thermometer  y 
occasionally  as  low  as  — 50^,  and  at  some  distance  from 
bhip,  as  —^5^.  In  <  )ctolMT  it  sank  as  low  as  — 28^,  in  h 
as  low  as  — 4^.  During  Janiuiry,  it  was  never  higher  tl 
— 2*,  and  in  February  than  —17^  During  ever)*  montl 
the  vear  it   froze.     The  linttcdt   nuinth   was  Julv,  and 
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■xhnmn  temperature  was  60^.     There  were  only  5  months    Sect  ll. 
i  the  year  in  which  the  maximum  temperature  exceeded  32°, 
leae  were  May,  June,  July,  August,  and  September.     The 
AowiDg  table  exhibits  the  maximum  and  minimum  temperas- 
ire  of  the  months  as  observed  by  Captain  Parry : — 


January 

Miximunu 

—  2" 

Iflnimam. 

_47o 

February 

—17 

—60 

March 

+  6 

—40 

April 

+32 

—32 

May 

+47 

—  4 

June 

+51 

+28 

July 

+60 

+32 

August 

+45 

+22 

September 

+37 

—  1 

October 

+17-5 

28 

November 

+  6 

—47 

December 

+  6 

—43 

Sodttt  the  highest  temperature  observed  was  60^,  and  the 
hteit  — 50<),  making  a  range  of  11 O^.  In  some  parts  of 
Wet,  and  even  of  Asia,  the  thermometer  is  said  to  have  been 
*fer?ed  as  high  as  138o. 

Sir  John  Ross,  in  the  winter  of  1832,  observed  the  ther- 
•iKlcr  in  Boothia,  (N.  lat.  about  7 1  <>)  at  —60°.  This  is  the 
P^ttoti  degree  of  natural  cold  hitherto  observed.  Captain 
'vlin  observed  the  thermometer  during  the  winter  of  1820, 
^  I'ort  Enterprize,  near  the  copper-mine  river,  in  North  lati- 
Wc  64®  30',  as  low  as  — 57® ;  and  Dobell  informs  us  that 
■Jttnary,  1828,  the  thermometer  stood  at  — 51o  at  Irkutsk, 
fcoqiital  of  Eastern  Siberia,  in  N.  lat.  52*'  16'  41",  and 
btloDg.  1040  51',  and  consequently  not  much  farther  north 
^  London. 

Quicksilver  in  our  climate,  and  indeed  in  every  habitable  Di««>v«7 
iMtfl^  is  usually  in  a  liquid  state ;  and  it  was  long  the  opinion  gelation  of 
f dMnusts,  that  fluidity  was  a  property  essentially  belonging  ™ 
^  dus  metal.     The  fixing  (or  rendering  solid)  of  mercury 
Mm  favourite  pursuit  of  the  alchymists,  and  constituted,  in 
■r  opinion,  one  of  the  great  steps  towards  the  discovery  of 
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Chapel,  tlu*  pliilo90pher*H  stone.  The  discovery  of  its  congeUti 
constitutes  a  memorable  era  in  rbeniistry ;  as  it  altered  a 
materially  improTcd  the  opinions  of  chemists  respecting  I 
eflfects  of  heat.  It  deserves,  therefore,  to  be  briefly  ootic 
here. 

We  are  indebted  to  M.  Braun,  professor  of  philosophy  io  1 
Imperial  Academy  of  St  Petersburg,  for  the  discovery  of  1 
congelation  of  quickitilver  by  cold.  Dr  Zeiher,  professor 
mechanics  in  the  same  Academy,  had  repeated  Fahrenhci 
experiments  with  freezing  mixtures,  before  he  came  to  set 
at  St  Petersburg ;  and  he  expected  to  be  able  to  prosecute  th( 
still  farther  in  that  city,  where  the  natural  cold  is  frequen 
intense.  Illness  preventing  him  from  putting  hb  project 
execution,  he  communicated  it  to  M.  Braun,  who  readily  und 
took  it.  A  propcT  opportunity  occurred  on  the  14tb  Dece 
l)or,  1759,  as  the  thermometer  on  that  day  sank  io  the  op 
air  to  — 34  o.  M.  Braun  prepared  a  mixture  with  nitrous  m 
and  pounded  ice,  into  which  a  thermometer  being  put,  su 
to  — 69  o,  lower  by  about  30^  than  it  had  fallen  in  any  precedi 
experiments  of  this  nature.  Animated  by  the  hope  of  prodi 
ing  still  greater  cold,  he  entered  on  his  experiment  anew,  • 
all  his  pounded  ice  being  exhausted,  he  was  fortunately  oblig 
to  substitute  snow  in  its  place.  With  this  fresh  mixture, 
sank  his  thermometer  to  —  1  OQo,  — 244^,  and  at  last  to  — 35! 
Surprised  at  such  results,  he  drew  the  instrument  out  of  I 
mixture,  and  found  it  entire,  but  the  quicksilver  was  fixed  a 
remained  immovable  for  above  12  minuti^.  On  repeeti 
the  same  experiment  with  another  thermometer,  graduated 
lower  than  — 220*",  all  the  mercury  sank  into  the  ball,  a 
became  solid  as  before ;  not  beginning  to  re-ascend  till  afta 
great  interval  of  time. 

From  these  appearances,  M.  Braun  concluded  that  the  quM 
silver  in  Imth  instruments  hail  l>een  frozen  or  solidified  bv  t 
cold.  lie  announced  his  opinion  as  a  probable  fact  to  the  A4 
demy,  and  prepared  a  new  set  of  thermometers,  in  order  to  oblj 
d(*cisivo  evidence.  On  the  25th  I)ecemlM*r  (old  style),  in  co 
pany  with  ^/Epinus,  professiir  of  phybics,  he  n»])eated  the  expc 
uients,  and  as  soon  as  ho  found  the  quicksilver  immovable. 
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■fte  the  bulb  of  his  thermometer.  Now  all  doubts  were  re-  Sect  ii. 
■orted.  He  obtained  a  solid,  shining,  metallic,  mass,  which 
ateoded  under  the  strokes  of  a  pestle,  in  hardness  rather 
kterior  to  lead,  and  yielding  a  dull  dead  sound  like  that  metal. 
MpauB  obsenred,  at  the  same  time,  that  the  frozen  mercury 
a  concave  surface,  and  that  congealed  pieces  of  it 
in  floid  mercury :  all  evident  proofs  of  its  great  contrac- 

h  the  year  1775,  Mr  Hutchins  repeated  these  experiments 
il  Albany  Fort,  Hudson's  Bay,  congealed  the  mercury  by  cold, 
htwu  equally  at  a  loss  with  Braun,  to  determine  the  true 
|nt  of  congelation.    Mr  Cavendish,  to  obviate  his  difficulties, 
■Mtkim  out  a  proper  set  of  instruments,  together  with  ample 
faetioDs  how  to  proceed.      In  the  winter  1781-82,   Mr 
bdiins  made  the  requbite  experiments,  an  account  of  which 
^  piUished  by  Mr  Cavendish  in  the  Philosophical  Trans- 
>iioBi  tar  1783.      The  mercury  was  frozen  in  wide  glass 
Mkii»iiid  the  thermometer  to  determine  its  freezing  point  was  p^^  ^ 
|inged  into  it,  and  kept  in  it  during  the  whole  process  of  ™"^'^' 
^i^pliiiion.     It  remained  stationary  during  the  freezing  at 
i^4B«^  showing  clearly  that  this  is  the  freezing  point  of 
[iitMetaL     Mr  Cavendish  showed  that  in  the  act  of  congeal- 
■ercury  contracts  about  ^^^d  of  its  bulk.     This  accounts 
^^wtte  very  low  point  to  which  the  thermometer  appeared  to 
a  M.  Braun's  experiments.      The  freezing  point  was 
[MB^,  to  which  it  sunk  in  the  first  place.     By  freezing,  it 
in  bulk  ^^jd  part,  which  is  equivalent  to  452<>.     So 
thermometers,  supposing  the  true  cold  not  to  have 
-40^,  would  have  indicated  the  low  temperature  of 

wbg  thus  explained  at  some  length  the  nature  of  the 

r^^Mneter,  it  will  be  proper  now  to  point  out  some  of  the 

inportant  new  facts  respecting  heat,  which  have  been  ac- 

by  means  of  the  thermometer.     These  facts  will  serve 

iirther  to  extend  our  knowledge,  and  rectify  our  opinions 

"""^Kliug  heat. 


I 
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Chop.  1. 
SBCTION  III. — OF  SPECIFIC  HBAT. 

It  has  been  already  observed  that  heat  has  a  tenden 
diffuse  itself  from  any  hotter  body  to  the  colder  bodies  ar 
it.     This  distribution  continues  till  no  body  is  dis|>08ed  to 
any  more  heat  from  the  rest.     When  all  mutual  actloE 
ceased,  if  we  apply  a  thennometer  to  any  one  of  the  con 
ous  bodies  we  shall  find  that  they  all  indicate  the  same 
Ntichtoor-  peratures.      We  must  therefore  adopt  as  one  of  the 
•eqttirc  tiM  general  laws  of  heat,  that  all  bodieM  communicating /reefy 
Zaiu^'   ^^^  ^^^^  ^^^  exposed  to  no  intqualiiy  of  external  action^  at 
the  same  temperature  as  indicated  by  the  thermometer. 

Wtion  botlies  are  brought  into  this  state  they  are  sa 

common  language  to  l>e  equally  hot;  and  even  chemiatj 

philosophers  were  hmg  of  opinion  that  all  bodies  in  sucl 

cumstances,  supposinir  the  weight  the  same,  contained  ei 

the  same  quantity  of  heat      An  experiment  of  Fahrei 

made  at  the  rc<iucst  of  Boerhaave,  first  led  to  an  ace 

investigation  of  the  subject.* 

EspcrU  Fahrenheit  took  equal  volumes  of  water  and  mercu 

Fabrai-      different  tem]»eratures,  and  agitated  them  together.    The 

*•**•  perature  pro<luced  was  not  the  mean  between  that  of  the  • 

and  mercury  previous  to  mixture,  as  it  wcmld  have  beei 

equal  volumes  of  hot  and  cold  water  been  thus  agitated 

ther.     When  the  water,  previous  to  agitation,  was  hot  ai 

mercury  cold,  the  new  temperature  resulting  was  greater 

the  mean ;  and  it  was  less  than  the  mean,  if  the  mercur 

hot  and  the  water  cold.     To  produce  the  mean  temper 

it  was  necessary  to  agitate  together  2  volumes  of  water  i 

volumes  of  mercur}*.     Wlien  such  measures  were  taktw, 

haave  ajtsures  us  tliat  the  mean  temperature  always  resi 

whether  the  water  or  the  mercurv  was  hottest  before  the  mil 

It  iit  very  surprising  that  Boerhaave  drew  as  a  concl 

from  this  exptTiinent,  that  heat  is  distributed  through  I 

¥mm         in  profMirtion  to  their  voloiue,  not  tt»  their  weight.     It  mi 

*  ^}[^*        Black  who  first  drew  the  proper  inference  from  this  es 

^5?**'       ment  about  the  year  IT^JO,  while  a  lecturer  on  cbemis^ 

■•(1MB  WM  * 

4«4iim4  •  s«.t.  liiM^hMM**  (*h<mutry.  tran«Utcd  by  Shaw,  vol.  i.  p.  fi 


SPECIFIC  HEAT.  53 

ibe  University  of  Glasgow.     Dr  Black  reasoned  upon  the  Sect.  Iir. 
eiperiment  in  the  following  manner : — 

Let  us  suppose  a  given  volume  of  water  at  100<>  mixed  with 
ftesame  volume  of  quicksilver  at  150o.  We  know  that  the 
veui  temperature  between  lOO^  and  150o,  is  125^,  which 
vodd  be  produced  by  mixing  water  at  100<)  with  an  equal 
voiraie  of  water  at  150^.  But  when  hot  quicksilver  is  used 
inrteftd  of  water,  the  temperature  of  the  mixture  is  only  120° 
■tad  of  1250.  The  mercury  therefore  has  lost  30°  of  heat, 
vUk  the  water  has  become  warmer  by  20o  only.  And  yet 
ttektt  which  the  water  has  gained  is  the  very  same  which 
tte  mercury  has  lost.  We  see  from  this  that  the  same  quantity 
rfbeat  has  a  greater  effect  in  heating  mercury  than  in  heat- 
■K  water.  If  it  heat  mercury  3°  it  will  heat  water  only  2®, 
« if  it  heat  water  !<>  it  will  heat  mercury  1°^.  So  that  if  we 
wion  the  capacity  of  mercury  for  heat  1,  the  capacity  of  the 
MeTolome  of  water  will  be  1^.  But  mercury  is  13^  times 
fatter  than  water.  Consequently  to  find  the  relative  capacity 
tf  the  same  weights  of  mercury  and  water  we  have  only  to 
•Wply  1*5  by  13  J.  The  product  20^  will  give  us  the  capa^- 
%  of  water  for  heat,  if  we  reckon  that  of  mercury  1 ;  suppos- 
^  Fahrenheit's  experiment  to  have  been  accurately  made. 

The  experiment  of  Fahrenheit  was  observed  by  Dr  Black  SlJune. 

^igree  very  well  with  another  experiment  related  by  Dr 

Vtttiiie  in  bis  essay  on  the  heating  and  cooling  of  bodies. 

Blflaced  before  a  good  fire  and  at  equal  distances  from  it,  a 

ftility  of  water  and  an  equal  volume  of  mercury,  each  of 

■m  contained  in  equal  and  similar  glass  vessels,  and  each 

'rtig  a  delicate  thermometer  inunersed  in  it.     He  found  in 

'^Mied  experiments  that  the  mercury  was  warmed  by  the 

■Vttaeh  faster  than  the  water ;  indeed  almost  twice  as  fast. 

'w  each  experiment,  having  heated  each  of  these  two  fluids 

wfiieBame  degree,  he  placed  them  in  a  cold  stream  of  air,  and 

•■*i  that  the  mercury  was  always  cooled  much  faster  than  the 

|5*W*    The  reason  of  this  result  is  obvious  when  we  know 

•■tttereury  has  a  smaller  capacity  for  heat  than  water.     It 

^  looner  than  that  liquid,  because  less  heat  is  necessary  to 

*  Martine's  Essays,  p.  74. 
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€>•>»  I.   raise  it  the  same  niirober  of  degreeis  than  U  required  t 

the  lijime  change  in  the  temperature  of  water.     It  cook 

than  water,  because  it  has  less  heat  to  lose  than  that  li 

Dr  Black  satisfied  himself  with  establishing  the  fa 

bodies  have  different  capacities  for  heat,  from  these  1 

or  inrine    periments  of  Fahrenheit  and  Martine.     But  Dr  Inrii 

^      *  '  succeeded  him  as  lecturer  on  chemistry  in  Glasgow,  i 

Watt,  who  was  at  that  time  a  philosophical  instrument 

in  that  city,  toi)k  up  the  subject  and  made  many  expei 

to  ascertain  the  relative  capacities  of  different  liodies 

they  did  not  think  it  necessary  to  lay  the  result  of  the 

or  Dr       ments  before  the  public.     Dr  Crawford  probably  ins4 

Cnwrord.  ^Ye  of  gpecific  heats  in  the  first  edition  of  his  Exparm 

Healt  published  in  1779.*     He  was  therefore  the  i 

author  on  the  subject.     In  the  17th  volume  of  the  Jou 

Physique,  published  in  1780,  there  is  a  treatise  on  I 

Magellan,  containing  a  pretty  copious  table  of  specific 

furnished,  as  Magellan  informs  us,  by  Mr  Kirwan. 

In  the  Memoirs  of  the  Swedish  Academy  of  Scien 
1781,  there  is  an  ingenious  Essay  on  the  specific  I 
orwiickr.  metals,  &c.,  by  Mr  J.  C.  Wilcke.  Whether  he  was  ac 
ed  with  the  previous  labours  of  the  British  chemists  i 
subject  does  not  appear,  as  he  nowhere  makes  the  leai 
aion  to  them:  but  quotes  Klingenstjema  as  the  auth« 
first  started  the  doctrine  of  the  different  capacity  of  bw 
heat.  Klingenstjema  died  in  1765;  and  from  the  ( 
which  Wilcke  quotes,  he  appears  to  have  reasoned  fn 
experiment  of  Fahrenheit  precisely  as  Dr  Black  did. 
it  would  seem  that  l>oth  Hlack  and  Klinginnstjema  disc 
the  doctrine  of  the  different  specific  heat  of  bodies,  i 
anv  communication  with  each  other :  but  from  a  koowU 
an  experiment  made  long  before  by  Fahrenheit,  and  < 
ously  reasoned  from  by  IWrhaave.  Which  of  the  ti 
the  prcc4Hlence  in  point  of  time,  I  have  no  means  of  kn 
orUv.  u       A  set  of  exiMTiments  undertaken  by  Lavoisier  and  \a 

•WtaimI  '  ' 

l^f  M-r.  •  I  iij^p  „^^Pf  „^n  ^  ^.jjpy  of  i^p  (jfji  rditioo  of  thU  work;  I 

no  iloabt  that  it  f*unuiiKil  f'i|MTimnir«  ««fi  \\w  rAp«i'ii%  of  l>o«lirf  I 
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to  determine  the  specific  heat  of  various  bodies,  appeared  in  Sect,  in. 

the  Memoires  of  the  Paris  Academy  of  Sciences  for  1780 ; 

wt  published  probably  till  1784. 

After  the  publication  of  the  second  edition  of  Crawford's 
Treatise  on  Heat,  in  1788,  a  considerable  interval  of  time 
dtpsed  before  any  addition  was  made  to  our  knowledge  of  the 
ipecific  heats  of  bodies.     A  set  of  experiments  to  determine 
theqiecific  heats  of  16  different  species  of  wood,  by  Professor 
Ifcyer  of  Erlangen,  appeared  in  Crell's  Annals  for   1 798.  Of  Meyer, 
Fhifettor  Leslie  of  Edinburgh,  in  his  Treatise  an  Heat,  pub-  Daiton. 
Gabed  in  1804,  gave  the  specific  heats  of  a  few  bodies  deter- 
ttned  in  the  same  way  as  Professor  Meyer  had  done  that  of 
&e  woods.     Mr  Daiton  adopted  the  same  mode  of  experi- 
■eoting,  and  in  the  first  volume  of  his  New  System  of  ChemU 
^PUIosojAy,  published  in  1808,  he  gave  a  number  of  results 
obtuned  by  him  in  that  way. 
In  1813,  a  most  elaborate  set  of  experiments  was  published  Of  Deia- 

1     «.  ,  roche  and 

If  Ddaroche  and  Berard  on  the  specific  heats  of  gaseous  Benrd. 
UEes  and  vapours.  These  experiments  were  made  in  Ber- 
Ulet's  labohitory,  and  the  apparatus  had  been  constructed 
^  the  expense  of  that  eminent  chemist.*  These  experiments 
Mn  to  have  been  conducted  with  care ;  but  the  experimenters 
We  guilty  of  an  oversight  which  prevented  their  results  from 
Wii^  very  near  approximations  to  the  truth.  The  gases  on 
vUch  they  experimented  were  moist.  Hence  the  influence  of 
Al  fapour  would  vary,  according  to  the  specific  gravity  of  the 
IH;  this  introduced  a  variable  unknown  quantity,  which  ought 
hbtve  been  subtracted  in  order  to  obtain  the  true  specific 
kit  of  each  gas. 

h  1823,  a  new  set  of  experiments  was  made  by  Mr  Hay-  Of  Hay- 
Vlft»t  vith  an  apparatus  resembling  that  of  Delaroche  and 
knd.  But  he  took  the  precaution  of  drying  his  gases  with 
|M  care.  This  enabled  him  to  obtain  results  agreeing  ac- 
^■itdy  with  each  other,  and  obviously  very  near  approxima- 
fcii  to  the  truth.     Indeed,  his  results  were  fully  corroborated  of  i>eij- 

•  '  ^  rive  and 

•J  new  experiments  of  MM.  Delarive  and  F.  Marcet,  who  Marcet. 

8tt  iUm.  de  Chim.  Ixzxv.  7'i,  or  Annals  of  Pbilo»ophy,  ii.  134. 
tEdm.  Trans,  x.  19:>. 
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C'h«p.  y.   liotcriuiiicd  the  specific  heat  of  no  fewer  than   14  gi 

Their  method  was  to  measure  the  time  that  a  theraioiiieier« 
pIun^fMl  into  each  ^os,  took  to  be  heatc^d  a  certain  number  of 
defprcesy  the  gas  being  exposed  to  a  constant  source  of  heat. 
To  obviate  the  effect  of  mobility,  the  globe  containing  the 
gases  was  placet!  in  the  centre  of  a  copper  globe  filled  with 
rarefied  air,  and  blackened  within.  The  source  of  heal  was  a 
large  vessel  filled  with  water  of  S6^^  into  which  the  whole  m^ 
paratus  was  plunged. 

In  the  year  1833,  an  elaborate  memoir  on  the  speciBc  of 

^AfofA.  bodies,  both  tH>lid  and  liquid,  by  M.  Avogadro,  was  published 
in  the  memoirs  of  the  Scientific  Society  of  Modena.t  He 
determined  the  specific  heat  of  39  different  bodies,  and  ii 
a  subsequent  memoir,  he  determine<l  the  specific  beats  of 
phosphorus,  arsenic,  and  iodine  ;t  the  object  which  he  bad  ia 
view  was  to  investigate  the  truth  of  a  law  first  noticed  bj 
Dulong  and  Petit,  and  which  will  be  explained  in  a  subseqocnl 
part  of  this  set*tion.  In  the  year  1831,  M.  Neumann.  pro> 
fessor  of  physics  in  the  University  of  Kcinigsberg,  had  pub- 
lished an  interesting  set  of  experiments  on  the  specific  heat  of 
mineral  bcMlies,  having  determined  the  specific  heat  of  no  fever 
than  36  different  spcciesf — some  of  them  the  very  same  with 
those  afterwards  determined  by  Avogadro,  though  without  anj 
knowledge  of  what  Neumann  hud  already  done. 

Two  other  important  memoirs  on  the  specific  heat  of  gee* 
eous  bodies  re<|uire  to  be  mentioned.     In  the  month  of  Maj, 

oruiiipnc.  jg28,  M.  Dulong  read  to  the  French  Aca<lemy  of  Scienrca,'a 
set  of  experiments  on  the  «tpecific  heat  of  elastic  fluids. |  He 
laid  it  down  as  u  principle,  that  the  simple  irobes  have,  under 
a  given  v«)lume,  the  sanie  bptrific  heat.  He  then  deteroiined 
the  ratio  which  i^ubsisits  l>etwecn  the  specific  heats  of  gaaea^ 
under  a  constant  volume  or  a  constant  pressure.  If  a  be  the 
heat  necessar\  to  In*  connuunicatcd  to  a  given  weight  of  anj 

*  Ann.  til*  I'hiin.  vl  d<-  l*h\».  xxxv.  I. 

m 

f  All  (' I  tract  from  ihi*  {taprr  i*  iiiK-rti'd  hi  thr  Ann.  de  Ounu  ct  ds 
I'hvt.  U.  HI. 

I  Ann.  (If  rhiui.  rt  ilr  IMiv«.  Uii.  11:1. 
S  I'n.'crndorr*  AnnaUw.  \«iii.  I. 
Ann.  ill   Chmi.  1 1  dr  I'Im*.  ih.  Il.i 
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gaii  in  order  to  produce  in   it   (maintained  of  a  constant   Sect.  ill. 
idnme,)  a  given  increase  of  temperature,  and  a  -j-  ^  the  heat 
neeuary  to  produce  the  same  change  of  temperature  when 
the  gas  is  permitted  to  expand  so  as  to  retain  its  primitive 

dtttidty)  then  — —  =  1  +  -  expresses  the  ratio  in  ques- 
tiflo.     At  this  quantity   Dulong  arrived  in   the  following 


y^ 


The  Newtonian  formula  for  the  velocity  of  sound,  v  z= 
"2  X  (1 '00375^  has  been  long  known  to  give  results  less 


Aid  the  troth.  Laplace  first  showed  that  in  order  to  give  a 
refolt,  this  expression  must  be  multiplied  by  the  square 
of  the  relation,  between  the  specific  heat  of  air  under  a 
Tolume,  and  a  constant  pressure.  If  then  the  velocity 
.«f  aomid  in  atmospheric  air  be  determined  experimentally,  and 
Am  Tdocaty  be  divided  by  Newton's  expression,  the  quotient 

vin  be  tj^       .     And  this  method  may  be  extended  to  all 

a 

provided  we  can  determine  the  velocity  of  sound  in 

This  velocity  Dulong  deduced  from  experiments  on  a 

pipe  blown  through  by  the  different  gases.    From  the 

stmck  by  each,  he  was  enabled  to  calculate  the  length  of 

le  Tibration,  and  the  number  performed  in  a  given  time 

elastic  fluid  tried.     The  velocities  thus  obtained,  were 

by  their  values  as  given  by  Newton's  formula.     The 

of  the  quotients  represented  1  +..,  or  the  relation  for 

gas  between  its  specific  heat,  under  a  constant  volume 
m  eoDstant  pressure.    In  this  way  he  determined  the  spe- 
beats  of  7  different  gases,  both  under  a  constant  volume 
m  constant  pressure, 
b  the  year  1836,  Dr  Apjohn,  of  Dublin,  read  a  paper  be-  Of  Dr  Ap- 
the  Royal  Irish  Academy,  the  object  of  which  was  to  show 

the  formula  ^  =  ^"_1?£^X^  expresses  the  rela- 

w  between  the  indications  of  the  wet  bulb  hygrometer  and 
tfcw  p^t.    €  is  the  heat  of  elasticity  of  vapour  at  the  tem- 
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Chap.  1.  perature  (  of  the  hygrometer;  a  the  specific  beat  of  air ;  tf 


the  differeDce  between  the  temperature  of  air  and  b 
grometer ;  and  f^  f^  the  eUstic  forces  of  the  Tapoor 
water,  at  the  temperatures  of  the  hygrometer  and  dew  point 
In  ISSTy  Dr  Apjohn  read  another  paper  before  the  Dubl 
Academy,  to  show  that  from  the  preceding  formula,  tl 
specific  beat  of  the  gases  may  be  deduced.  For,  if  the  dc 
point  and  temperature  of  the  hygrometer  bi*  known,  we  hai 
a  (the  specific  heat  under  a  given  Tolume  of  the  gas,)  ; 

[j  ~/     )  40^  ^  QQ-     This  equation  he  modifies  so  as  ' 

^       P 
reduce  it  to  a  z=  v^  x  a^.     This  expression  involves  no  u 

known  quantity  but  1/,  which  may  be  found  by  determining  tl 
stationary  temperature  to  which,  when  in  a  state  of  perfe 
desiccation,  it  brings  the  wet  bulb  thermometer.  He  made 
set  of  experiments  to  determine  this  point  by  patting  t 
gases  rt'«pectively  over  a  wet  bulb  and  dry  thermometer  c 
closed  in  a  glass  tul)e,  and  noting  the  point  in  each  when  I 
wet  bulb  thermometer  became  stationary  ;  and  in  this  « 
determined  the  specific  heats  of  7  different  gases. 

Such  are  the  principal  sources  from  which  our  knowled 
of  the  specific  heat  of  bodies  is  derived.  It  has  been  at0 
tained  that  every  body  requires  a  certain  quantity  of  heat 
increase  its  tempi>raturr  a  certain  number  of  degrees:  m 
scarcely  any  two  bodies  a^rree  with  each  other  in  the  qiiaoci 
rtH]ui!iite.  The  heat  thus  mn-essary  is  called  the  tpecific  h 
of  the  body.  Dr  Black  and  his  followers,  Dr  Irvine  and  3 
Watt,  distinguishes!  this  propi*rty  of  iKNiies  by  the  phrase  eip 
cUg  of  bodies  fir  heat.  But  the  phrase  tpecific  heat  bias  prevaile 
lieinir  considered  as  a  simple  specification  of  the  matter  of  fitf 

Few  iMMlies  have  a  higher  specific  ht*at  than  ftaUr.  PsrtI 
on  this  ac(*ount,  but  chiefly  on  account  of  the  facility  vil 
which  it  may  be  everywhere  procured,  it  has  l>een  made cboH 
of  as  a  standard  to  which  the  specific  heat  of  other  bodies 
referrinl.  Its  specific  heat  is  consideriMl  us  (I.)  unity.  If 
Hubttanee  luu«  twice  the  s|MN*ifi(*  heat  of  water,  we  say  tiial  i 
specific  heat  '\%  2;  if  thrice,  thnt  it  is  X  and  00  im.     If  it  \ 
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Uf  or  ooe> third  the  specific  gravity  of  water,  we  say  that  its  Sect.  HI. 
ipecifie  heat  is  0*5,  or  0*33,  and  so  of  the  others. 

Three  different  modes  of  determining  the  specific  heats  of 
kodieB  have  been  contrived. 

1.  The  first  and  oldest  method  is  to  mix  determinate  weights  ^Sit  ^  det«T. 
if  the  body  whose  specific  heat  we  want,  and  of  water  at  dif-  «»in«^  *>r 

#_  1  t  1  mixture. 

mat  temperatures  together,  to  observe  the  new  temperature 
induced  by  the  mixture,  and  from  this  to  deduce  the  specific 
kit  of  the  body  under  trial.  For  example,  if  we  take  1 
fomd  of  water  of  the  temperature  100°,  and  10  pounds  of 
lotury  of  the  temperature  200°,  and  agitate  them  together 
k  a  glass  phial,  after  the  agitation,  we  shall  find  that  both 
ifuds  wiU  have  acquired  a  uniform  temperature.  The  water 
vlhave  become  hotter,  and  the  mercury  colder.  Abstract* 
■I  far  the  present  the  effect  of  the  phial,  this  new  temperature 
v3I  be  nearly  1 25® ;  so  that  the  water  will  have  gained  25° 
tf  hett,  while  the  mercury  will  have  lost  75°.  Thus  the  mer- 
CBjhas  lost  three  times  as  many  degrees  of  temperature  as 
Ae  water  baa  gained.  It  is  obvious,  therefore,  that  the  same 
fnotity  of  heat  produces  three  times  as  much  effect  in  raising 
ie  temperature  of  10  lbs.  of  mercury,  as  in  ridsing  the  tem- 
|Mure  of  1  lb.  of  water.  Therefore,  if  we  take  equal 
vijl^ts  of  these  liquids,  it  is  clear  that  the  same  quantity  of 
kit  will  produce  thirty  times  the  effect  on  mercury  as  on  water. 
Asefore,  the  specific  heat  of  water  is  thirty  times  as  great 
ii  Aat  of  mercury.  If  the  specific  heat  of  water  be  1,  that  of 
Meary  must  be  0*033. 

h  Biaking  such  experiments,  it  is  always  necessary  to  at- 

M  to  the  heat  communicated  or  abstracted  by  the  vessel  in 

^bh  the  experiment  is  made.     Suppose,  for  example,  that 

^  pound  of  water  of  100°  was  standing  in  a  glass  phial 

Vljl^liiig  half  a  pound,  and  that  we  pour  into  it  the  ten  pounds 

j^  Mercury  of  the  temperature  200°,  it  is  clear  that  the  sur* 

heat  in  the  mercury  would  not  be  all  expended  in  raising 

^  temperature  of  the  water ;  a  portion  of  it  would  go  to 

H  the  phial,  which  would  acquire  as  great  an  addition  of 

■pualurc  or  nearly  so  as  the  water.     If  the  specific  beat  of 

tfhial  were  as  great  as  that  of  the  water,  it  is  plain  that  one- 
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Chap.  I.  third  of  the  heat  would  go  into  the  phial ;  so  that  the  tempera- 
ture  after  mixture,  would  only  be  1 16**|,  instead  of  125®.  But 
the  specific  heat  of  glass  is  only  about  |th  of  that  of  water. 
So  that  only  ^  of  |  or  y^^th  of  the  surplus  heat  would  be  em- 
ployed in  heating  the  phial.  The  temperature  after  mixture 
instead  of  125o  would  be  only  123o|. 

The  easiest  way  of  avoiding  this  error  is  to  make  two  ei« 
periments.  The  first  by  pouring  the  hot  mercury  into  the 
cold  water,  the  second  by  pouring  the  cold  water  into  the  bet 
mercury;  taking  care  that  both  trials  are  made  in  the  same 
vessel.  By  taking  the  mean  of  the  two  experiments,  we  ob- 
tain very  nearly  the  true  temperature  of  the  mixture. 

It  was  in  this  way  that  the  experiments  of  Irvine,  Kirwan, 
Crawford,  Wilcke,  and  Avogadro  were  conducted.  Dr  Irvine 
reduced  the  whole  to  the  following  mathematical  formula. 

Let  the  weight  of  the  water  be  W,  its  temp.  w. 

body  be  B,       — b. 

Let  the  temperature  after  mixture  be  m. 

W  (m — w) 
The  specific  heat  of  B  =  lo~/L~~  ~\  ' 

In  this  formula  the  water  is  supposed  to  be  coldest.  Uib€ 
water  be  hot  and  the  body  be  x;old,  which  in  some  cases  mtj 
be  the  more  convenient  mode  of  making  the  experiment,  tiie 

Specific  heat  of  B  =  — -i ■ /. 

^  B  (w— *) 

This  mode  of  experimenting,  though  theoretically  easyi  >• 

in  reality  so  difficult,  that  the  results  obtsdned  by  it  are  pK^ 

bably  not  very  near  approximations  to  the  truth.     The  moto 

of  allowing  for  the  heat  lost  during  the  experiment,  which  b»* 

been  uniformly  employed,  is  certainly  inaccurate. 

iniine^^      2.  The  second  method  of  determining  the  specific  heats  cf 

bodies  was  contrived  by  Lavoisier  and  Laplace,  and  employe^ 

by  them  in  determining  the  specific  heats  of  about  eight  di^ 

ferent  substances.     This  method  appears  abundantly  simple  9 

but  it  has  failed  in  the  hands  of  every  one  who  has  attemptoA 

it  since  the  publications  of  their  experiments.     An  instrument 

was  contrived,  to  which  Lavoisier  gave  the  name  of  cabrimdi^'* 

It  consists  of  three  circular  vessels  nearly  inscribed  into  cac»^ 
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tdwr,  80  as  to  form  three  different  apartments,  one  within  the  Sect.  iii. 

•dier.    These  three  we  shall  call  the  interior^  middle^  and  ex^ 

Inal  cavities.     The  interior  cavity  into  which  the  suhstanbes 

dbmitted  to  experiment  are  put,  is  composed  of  a  grating 

«  cage  of  iron  wire,  supported  by  several  iron  bars.     Its 

tpening  or  mouth  is  covered  by  a  lid,  which  is  composed  of 

int  nme  materials.     The  middle  cavity  is  filled  with  ice. 

TUsice  is  supported  by  a  grate,  and  under  the  grate  is  placed 

taere.    The  external  cavity  is  also  filled  with  ice.     We  have 

lourked  already,  that  no  caloric  can  pass  through  ice  at  32o. 

&CID  alter  ice,  indeed,  but  it  remains  in  it,  and  is  employed 

kneltiiig  it.     The  quantity  of  ice  melted,  then,  is  a  measure 

rf  die  heat  which  has  entered  into  the  ice.     The  exterior  and 

liUle  cavities  being  filled  with  ice,  all  the  water  is  allowed 

todnm  away,  and  the  temperature  of  the  interior  cavity  to 

cone  down  to  32<>.     Then  the  substance,  the  specific  heat  of 

vUch  is  to  be  ascertained,  is  heated  a  certain  number  of  de- 

gnes,  suppose  to  212®,  and  immediately  put  into  the  interior 

ttritj  enclosed  in  a  thin  vessel.     As  it  cools,  it  melts  the  ice 

■  die  middle  cavity.     In  proportion  as  it  melts,  the  water 

Ott  through  the  grate  and  sieve,  and  falls  through  the  coni- 

fldbmiel  and  the  tube  into  a  vessel  placed  below  to  receive 

^  The  external  cavity  is  filled  with  ice,  in  order  to  prevent 

Maternal  air  from  approaching  the  ice  in  the  middle  cavity, 

^  melting  part  of  it.     The  water  produced  from  it  is  carried 

tf  through  a  pipe.     The  external  air  ought  never  to  be  below 

l^t  nor  above  41o.     In  the  first  case,  the  ice  in  the  middle 

'^rtj  might  be  cooled  too  low;  in  the  last,  a  current  of  air 

|mms  through  the  machine,  and  carries  off  some  of  the  caloric. 

spotting  various  substances  at  the  same  temperature  into 

liliiadune,  and  observing  how  much  ice  each  of  them  melted 

|ilC0Qlmg  down  to  32<',  it  was  easy  to  ascertain  the  specific 

W  of  each.     Thus  if  water,  in  cooling  from  21 2©  to  32©, 

['^'Aed  one  pound  of  ice,  and  spermaceti  oil  0'5  of  a  pound ; 

^^lecific  heat  of  water  was  1,  and  that  of  the  oil  0*5. 

*•  The  third  mode  of  determining  the  specific  heats  of  bodies  ^^JJ^Iijl!^* 

"^iiiggested  by  Dr  Black  many  years  ago;  but  seems  to  have 

^irit  employed  by  Professor  Meyer  of  Erlangen  in  1797, 
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Chap.  I.  to  determine  the  specific  heat  of  woods.  He  took  spherical- 
pieces  of  wood  of  the  same  size,  and  dried  to  the  same  degree. 
Each  of  these  was  heated  to  the  same  point  and  suspended  in 
a  cold  room.  The  time  of  cooling  a  certain  number  of  de- 
grees was  noted,  and  the  specific  heats  of  the  same  bulk  of 
woods  were  considered  as  proportional  to  these  times;  and 
when  the  times  were  divided  by  the  specific  gravities,  the 
quotients  represented  the  specific  heats  of  equal  weights. 
Professor  Leslie  extended  this  method  to  liquids  as  well  as 
solids.  It  is  not  only  easier  than  either  of  the  other  two ;  but 
likewise  susceptible  of  much  greater  exactness. 

When  we  take  the  specific  heat  of  solids  in  this  way,  nothing 
more  is  necessary  than  to  have  each  body  of  the- same  size,  to 
measure  the  time  that  each  takes  to  lose  a  certain  number  of 
degrees  of  temperature,  and  to  divide  this  time  by  the  specifie 
gravity  of  each  body.    The  quotient  will  give  the  spedific  best 
of  equal  weights  of  each  body.     But  when  we  take  the  specific 
heat  of  liquids  in  this  way,  it  is  obvious  that  they  must  be 
placed  in  a  vessel  of  some  kind.     It  will  be  requisite,^  by  a 
previous  set  of  experiments,  to  ascertain  the  time  that  tbk 
vessel  takes  to  cool  the  requisite  number  of  degrees.     Beeanie 
this  quantity  must  be  subtracted  from  every  result,  in  ordsr 
to  obtain  the  true  time  that  the  liquid  took  to  cool.     The  best 
way  is  to  employ  the  same  glass  vessel  in  every  experiment* 
Let  us  suppose  a  glass  vessel  to  take  5  minutes  to  cool  froDa- 
IdO'^  to  80^     Suppose  it  filled  with  water  of  130o,  and  whe0 
so  filled  to  take  40  minutes  to  sink  to  80^.     When  filled  with 
sulphuric  acid  of  130%  let  it  take  25*8  minutes  to  sink  front 
130®  to  80°.     It  is  obvious  that  in  order  to  get  the  true  tinM 
which  these  liquids  took  to  cool  50°,  we  must  subtract  from  eadi 
result  the  5  minutes  occupied  by  the  hot  glass  in  losing  30^  of 
heat.     So  that  equal  bulks  of  water  and  sulphuric  acid  lose  50*, 
the  first  in  35',  the  second  in  20'*8.    The  specific  gravity  of  sid- 

OA.Q 

phuric  acid  being  1-847  we  have  z=  1 1*26.     So  that  if 

'^  ^  1-847 

the  specific  heat  of  water  be  35,  that  of  sulphuric  acid  will  be 

1 1*26.     And  35  :  1 1*26  : :  I  :  0-32=  specific  heat  of  sulphuric 

acid,  if  the  specific  heat  of  water  be  1. 
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l^feuumn  in  his  experiments  sometimes  employed  the  method  Sect.  III. 

■ixtore  and  sometimes  that  of  cooling.     In  general,  both 

lods  gave  very  nearly  the  same  result. 

iefare  attempting  to  give  a  theory  of  specific  heat,  I  shall 

die  following  table  containing  all  the  specific  heats  hither- 

leterndned  (so  far  as  I  am  acquainted  with  the  subject)  be- 

I  the  reader. 


I.  SIMPLf  BODIES. 


•«y 


Kdi 


■ium 


f  0-257tt 
(  0-263 1» 

*  0-385tt 
(0-183t 
jo- 188(c) 
)0-19D 
(  0-209N 

0-089tt 
f  0-0290  J 

I  0-0330(c) 
^  0-033t 
I  0-O357* 
L  0-0496D 

0-08  Ift 
0-03 14(c) 

r  0-027  N 
J  0-0288(c) 
)  0-04D 
l.0-043§ 
(0-0557(c) 
^0-08D 
(  0-082§ 

{0-0927(c) 
0-0943* 
0-1 OD 
0-1 02§ 
0-09 12(c) 
f  0-lOD 
\  0-1 035(c) 
0-1 498(c) 
f  0-1 099  J 
0-1 100(c) 

0-1 25t 
0-1 26§ 

0-1269* 
0-1 3D 
L  0-1 43(a) 


Copper 


Lead 


Gold 


Antimony 


Tin 


(0-0949(c)    Table  of 

^0-1  ID     ssL*** 

J  0-1 123*      '**'*^ 
0-0293(c) 
0-0352* 
0-04D 
0-0425 

0-050t 
0-0298(c) 

050t 

05D 
0-047N 

06D 

063§ 

086t 
r  0-05 14(c) 

0-0608 
^  0-068t 
1  0-07  D 
L  0H)704* 


n.  ALLOYS. 


0-1  111 


Grun  metal 
Brass  (8-356) 


m.  CHLOBIDES. 

Calomel  0-041tt 

Corrosive  sublimate    0-069t* 

(  0-221 1- 
Conunon  salt      .     <  0-23D 

(  0-226G 
Chloride  of  potas.)^..jg^. 

Slum  J  •  • 

Chloride  of  calcium     0- 1 94 ff 


IV.  SALTS. 


Nitre 


0-269tt 


Chap.!.    Nitrate  of  soda  0'240tt 

ofpot&sh         0-16gft 

of  soda  0-263tt 

OHStt 

0-1  soft 

0-21 3tt 

lo-237tt 

0-306tt 

(  0-1060N 
Sulphate  of  baiTtes  -?0-1071N 

(O-1072N 
Sulphate  of  stroiitUii  0-130N 
Anti 


■  -  of  copper 
of  tiac 

Anhydrous    car  bo 
nat«  of  poUsh 


ibfdrite 
Arragonite 
Calcerous  spar    . 
Chalk 


Bitter 


0-1854N 
0-1966N 
0-20 15N 
f  0-2564* 
\0-27D 
J  0'2]3N 
\  0-2179N 


Alumina  .         0-200tt 

Silica  .         .         0-179tt 

(■0-205  N 
QdoHl^  ■     a 

(0-30D 
Magnesia  0-276N 

Owde  of  iron      .         0'320t 
Peroxide  of  iron  0*1666' 

Antimonious  acid  0'I30N 
Suboxide  of  copper  0'1073N 
Oxide  of  copper       {%\ll^ 

(0-05tt 
Protoxide  of  lead 


Red  lead 


/0K)61W 

l0-072tt 
Red  oxide  of  mer- J  0*049N 
curj  I  O'OSOft 

(  0-132N 
Oxide  of  xinc  ^  0-1 369* 

(O-Hlft 


Protoxide  of  tin  O'OSGf 'f 

Peroxide  of  tin  O-llIff 

Tinstone  fr089SM~ 

Oxide  of  chromium  0-I96N 

Oxide  of  uranium  0-106N 


P.rorid.o(™u«..J^,g,^^ 


VI.  HTDKA.TED  OXIDX& 

Hjdrate  of  potash       O-SSSf  -f- 

of  lime  0-40D 

of  alumina     (M20ft 

vn.  BUtfHDXETB. 

Sulphuret  of  iron        O-lSSff 
Penulphuret  of  iron  0-I33W 

!0«44N 
OKMfift 

Orpiment  .         O-IOSH" 

Realgar  0-I30N 

Blende  .         0-I13N 

Moljbdena  0-lOaN 

VIII.  unxRAiA 
Gurhofian  0-21 68N 
Magnesite  .  0^270N 
Sparry  iron  ore  O-1820N 
Calamine  0-1 7  »" 
Red  iron  ore  .  0-166N 
Iron  glance  0*1631^ 
Pitch  ore  0-106N 

IX.  GLASS,  ftC. 

Glass  0-I7TO(<' 

Flint  glass 


Swedish  glass  (2-386)  0-1  &*\ 

Crown  glass  frSO^fi 

Stoneware  frl^^. 

Agate  0-1^^ 
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Z«  AJXlUAJj  SOLIDS. 


Ude  with  haar 
p  of  a  sheep 
D  of  ox  heef 


0-7870* 
0-7690* 
0-7400* 


XL  VEGETABLE  SOLIDS. 


} 


0-65f 
0-60f 

0-62ir 

0-58f 

0-57ir 
0-53ir 
0-53 

0-51f 

0-51  IT 
0-50ir 

I         .         .        0-5060* 
M  beans  0-5020* 

k  of  the  pine-tree  0-5000* 
\         .         .         0-4920* 

0-49ir 
0-48ir 
0-48ir 
0-4770* 

o-47ir 


nirlTestris 

aahies 

lEoropaea 

apicea 

nmalus 

ihalnus 

OD 

rcQs  robur 

inlis 

mot  excelsior 

n  communis 


m  Sylvatica 
pons  betulos 
daalba 
Ht 


pe-1 


itof  robur 
■aeolata 
m  domcstica 
mus  ebenum 

b 


0-45% 


0-44ir 
9-43f 
0-4210* 
0-4160* 
/  0-28D 

t  0-2777* 
0-2631* 
0-1923* 


Xn.  LIQUIDS. 


Seetlll. 


Water  at  32^ 
at212*> 


Atoms 
Nitric  add. 


Atoms 
Water. 

+  1 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


2 
3 

4 
5 

6 

7 

8 
9 


Atoms 
Salpburlc  add. 


+10 

Atoms 
Water. 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


1 

2 
3 
4 
5 
6 
7 

8 
9 


+10 
Alcohol  (absolute) 


Atoms 
Alcohol 

4 

3 
2 
1 
1 
1 
1 


Atoms 
Water. 


+ 
+ 
+ 
+ 
+ 
+ 
+ 


1 
1 
1 
I 

2 
3 

4 


1-000 
1-0176N 

0-44 16T 

0-5138 

0-5553 

0-5834 

0-6021 

0-6418 

0-6495 

0-6832 

0-6941 

0-7239 


0-3593T 

0-4707 

0-4786 

0-522a 

0-5690 

0-6091 

0-6429 

0-6699 

0-7003 

0-7201 

0-6600T 

0-6775 
0-7576 
0-8034 
0-8466 
0-9210 
0-9915 
0-9962(*) 


')8pe^  grayityof 
tttrieacid. 


Specific  graTitT  of 
sulphuric  acid. 


Atoms  Atoms 
add.     water. 


1-504 

f-    1 

1*8422 

1-4862 

1     H 

-  2 

1-7837 

1-4477 

-  3 

1-6588 

1-4177 

-  4 

1*5593 

1-4005 

-  5 

1  -4737 

1-3724 

1     -4-  6 

1     +  7 

1*4170 

1-3598 

1-3730 

13235 

1     +  8 

1*3417 

1-3007 

1     +  9 

1-3105 

1-2815 

1             m 

hio 

1-2845 

1  Specific  grvfiij  of 

alcohol. 

Absolute  alcohol  0*795 

Atoms   Atoms 
alcohol,   water. 

4   4-  1  0*8179 

3   4-  1  0-8259 

2  -j-  1  0-8384 
1  +  1  0*8672 
1  4-  2  0*9042 
1  +  3  0*9266 
1   4-  4  0-9412 
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CUii.  I.  Mur.  ftcid  (M22) 

(M53) 

Ao«deaeid(l*056) 
Vinefi^     . 
Solution  of  poUih 

(l-34«) 
Solution  of  ammonia 

(0997) 

((►948) 
Ether  (0-729)     . 

(0-76)     . 

OHtv  oil 

Linie«d  oil 


(HJftt 
0-GOD 

0^2D 

0-759t 

0-708t 
1-03D 
0-520(d) 

O-543290 
0-66D 

(0-43849B 
-{0-50L 

C0-718t 
/  0-4519211 
\  0-528t 


Spermaceti  oil 
Whale  oU 


/  0-500* 
)a-62D 
0-530T 
rO-338M 

Oil  of  turpentine     <  JJJJj 

(0-472t 
0-416U 
0-320(a 
/  103«>* 
)0-913(h 
(0-8928^ 
|0iK)3<h 
JfO-9999* 
I0-96D 


Naphtha 

Liquid  gpermaceti 

Arterial  blood    . 
Venons  blood 
Cow*fl  milh 


XIII.  GASBA. 

The  determination  of  the  specifie  haai  •f  gates  is  so  diA 
thai  no  cxperbneots  hitherto  published  have  obtaiaed  gmn 
conideaoe.  It  will  be  proper,  on  that  account,  to  state  si 
ratelj  the  principal  results  obtained. 

(1.)  Experimemt  qf  Delaroche  and  BermnL 

1 .  Ga§§B  refrrred  t9  mir. 


Air 

1*0000 

1-0000 

Hjdrog^en 

0^33 

12-3401 

Carbonio  a«sd 

1-2583 

0-8280 

Oxjgen 

0-9765 

0*8848 

Aaole 

lOOOO 

1-0318 

Plrotonde  of  asote  . 

1-3503 

i>WTO 

*  Crawford;  f  Kirwant  t  UToitier  awl  Laplacei  (  Wilcke;  ^  ll< 
L.  Lctli« ;  0  <^iit  Rumford ;  D.  Dmllon,  New  Syeleai  ef  ChcnMcri  F 
•ophy,  p.  Of.  (a)  inrioe.  Rssajt,  p.  84  and  88.  Q^)  John  Davy* 
Tfwm.  1814,  p.  599.  (e)  Dulcmg  and  Petit,  Aaaals  of  Philoaopfcjr, 
104.  and  ilv.  189.  M)  DetprtU.  Ana.  4e  Chim.  tl  de  Phyi.  am. 
W  Avofratlro, Ann.  dr  <1iim  ci  dc  Phjt.  Ir.  92.  N.  Nevnann,  PofgiMl 
Aanalen,  laiiL  SO.  it.  Oadolm,  Kong.  Yet.  Acad.  HaadL.  17S4»p. 
T.  ThtMnton. 
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Sune  Iwlk. 

Same  weight 

1*5768 

Sect  IKl. 

Olefiantgas    .         .         1*6530 

Cirbonic  oxide        .         1*0340 

1*0805 

2.  Gases  referred  to  water. 

m 

Snne  weight. 

Water 

1-0000 

Air       .... 

t 

^•2669 

Hjdrogen 

>         < 

3^2936 

Carbonic  acid 

« 

0^10» 

Oxygen 

4 

0*2361 

Aiote 

• 

0^2754 

Protoxide  of  azote 

i 

0-2369 

Olefiant  gas 

1                               1 

0*4207 

Carbonic  acid 

1                              i 

0*2884 

Aqueots  vapour 

1 

0^470 

(S.)  Dderminaitiom  ofHaycraftj  Marcet^  and  Dekxroche. 

Aecor£ng  to  tbese  experimenters,  tfae  same  volames  of  all 
under  the  same  pressure,  have  the  same  specific  heat ; 
MMequently  the  specific  heats  (reckoned  by  weight)  are  in- 
Nndy  as  the  specific  gravities ;  therefore,  if  we  reckon  the 
9^etficheat  of  oxygen  1,  which  is  most  convenient,  the  specific 
kits'of  tbe  gases  are  as  follows : — 


k  - 


QaMt. 

Specific  beet. 

Oxygen  gas 

1 

Hydrogen    .... 

16 

Carbon  Yapour 

2-66 

Carbnretted  hydrogen 

2KK^ 

Ammonia    .         .         <         .         . 

1-8824 

Steam 

K778 

Phosphoms  vi^ur 

1-3333 

Phosphuretted  hydrogen 

1-2307 

Hydrocyanic  acid  vapour 

1*1852 

Bihjdroguretted  phosfhorus 

M429 

AaotiegM           .        •        •        . 

1*2429 

(Hefiantgas         .         .        .        . 

M4291 

Carbonic  oxide    .         .         .         . 

1*1429 

Deutoxide  of  azote 

1*0666 

Solplmr  vapour 

1* 
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CbMp,  1. 

0mm. 

^MiieMiL 

Sulphun*tted  hjdrogcn 

0^118 

Muriatic  acid 

0-86486 

Carbonic  acid 

0-72727 

Protoxide  of  aiote 

0-72727 

Cyanogen 

0-61638 

Tellurium  rapour 

0-5 

Sulphurous  acid 

0-5 

Telluretted  hydrogen 

0-48485 

Fluoboric  acid 

0-47059 

Chlorine 

0-44444 

Arsenic  rapour    . 

0-42105 

Sulphnret  of  carbon  rapour 

0-42105 

Arteniuretted  hydrogen 

0-41026 

Sulphuric  acid  rapour 

0-4 

Selenium  rapour 

0-4 

Selenietted  hydrogen 

0-39024 

Chlorocarbonic  acid 

0-32 

Fluotilicic  acid 

0-30769 

Hydriodic  acid 

0-256 

Iodine  rapoor 

0-12903 

The  experiments  of  Marcet  aod  DeUrire  were  made  nude 
a  pressure  (if  25-59  inrhes  of  mercury.  It  appears  from  tbei 
trials,  that  as  tho  gas  is  dilated  the  specific  heat  widergoei  i 
slow  diminution ;  as  will  appear  from  the  foUowiofr  experiment 
which  thev  made  on  common  air.* 


Ptmmu*  hi  lorbM  of  MMCurv.  Ci 

25-59  the  relume  of  air  heated  fi^'-SS  m  5' 

23-22 6-55        - 

1!M7  -  6iK) 

14-76    -  -    -  7-<)l    — 

10-16  7-30  


Tliis  is  precisely  what  min^ht  have  been  expected ;  though  Ch 
rate  of  diminution  apfiear!*  much  slower  than  could  bare  bee 
antiri|)ate<t.  Thijt  part  of  the  subject  still  requirea  &rtlM 
elucidation. 


•  Ann.  df  ('him.  et  de  Phfi,  mv. 


SPECIFIC  HEAT. 

(3.)  Specific  heats  of  the  gases,  according  to  M.  Dulong. 

Volume  constant 

Prwsure  constant 

Air 

1-000 

1-000 

Ozjgen 

1-000 

1  -000 

Hjdro^n 

1-000 

1-000 

•  Carbonic  acid 

1-249 

1-175 

Carbonic  oxide 

1-000 

1-000 

Protoxide  of  azote 

1-227 

M60 

Olefiant  gas 

1-754 

1-531 

(4.)  Specific  heats  of  equal  volumes  of  gases,  as  determined  by 

Dr  Ajyohn. 

Water  =:  I'OOO 

Air=  1000 

Air 

0-2670 

1-000 

Azote 

0-2799 

1-048 

Oxygen 

0-2154 

0-808 

Hjdrogen 

0-3896 

1-459 

Carbonic  acid 

0-3192 

1-195 

Carbonic  oxide 

0-2660 

0-996 

Protoxide  of  azote 

0-3186 

1-193 
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HaTing  stated  the  facts  which  have  been  determined  experimen- 

tiDyy  let  us  now  endeavour  to  establish  a  theory  of  latent  heat. 

It  was  observed  l)y  Dulong  and  Petit,  that  if  the  atomic 

It  of  a  body  be  multiplied  by  its  specific  heat,  the  pro- 

18  a  constant  quantity.     The  following  table  will  enable 

to  judge  of  the  truth  of  this  observation : — 


Atomic 
Wright. 

Cnbon 

1-50 

Sa^nr 

2-00 

Anlenie 

4-75 

Asfcunony     . 

8-00 

Tdfauium    . 

4-00 

Iron 

3-50 

IGekel 

3-25 

Hat 

4-125 

L«d 

13-00 

Tin 

7-25 

<^W« 

4 

•  BHDBth 

9 

"Ifavcury 

12-5 

Gold 

12-5 

nttmiin 

12 

"bdne 

15-75 

Spi  Heat 

Product  * 

0-257 

0-385     1 

0-188 

0-376 

0-081 

0-385 

0-047 

0-376 

0H)912 

0-364 

0-11 

0-385 

0-1035 

0-336 

0-0927 

0-383 

0-029 

0-377 

0-051 

0-370 

0-095 

0-376 

0-04 

0-360 

0H)29 

0-3625 

0-0298 

0-373 

0-031 

0-372 

0-089 

0-40175. 

Mean  0-374 
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CIm^  I*  The  producU  ib  the  third  eolmmi,  obtained  by  salti 
together  the  first  and  second  columns,  do  not  absolutely 
in  consequence  doubtless  of  errors  in  the  detcmriiiat 
the  specific  heats  of  the  diflPerent  bodies.  But  die  a] 
mation  is  sufficiently  evident,  and  the  mean  of  the  whc 
teen  bodies  contained  in  the  table  gives  0*374  for  the  c< 
quantity  obtained  by  multiplying  the  atomic  weight 
specific  heat. 

It  seems  sufficiently  established  by  this  table,  th 
sctomic  weight  of  a  simple  substance  multiplied  by  its  i 
heat  is  a  constant  quantity.  And  this  quantity  appear 
0*374  or  0*375.  The  conclusion  to  be  drawn  from 
obviously,  that  the  same  quantity  of  heat  is  attacked 
atom.  The  reason  why  the  specific  heats  appear  differ 
that  the  weight  of  the  atoms  of  the  different  bodies  diffc 
each  other.  But  the  specific  heat  of  each  individua 
is  absolutely  the  same. 

LfOt  us  aow  examine  the  product  obtained,  when  the 
weight  of  binary  compounds  is  multiplied  into  their 
heat. 


AUMMC 

'  ilkHML 

PMdlKL 

Alumina 

2-26 

0-200 

0M60 

Silica 

2 

<>-i7y 

>2<)5" 

0-358 

Lime 

3-5 

"cKT7 

Magnesia 

2-5 

'  0-27« 

0-fKH) 

BImck  oKide  of  copper 

5 

1  0-14^>  i 

0-730 

ProtoKJde  of  lead 

14 

i>05 

0-700 

Oxide  of  line 

5- 12.5 

0-141 

0-722 

Protoxifle  of  tin 

H-25 

;  0H>1^; 

0-775 

Oxide  of  chnimiuui 

6 

0-iix; 

0-9«*0 

Oxide  f»f  uranium 

27 

0-lMi 

0-7  JMi 

>     M 


ean 


I 

J 

If  we  leave  out  the  first  two  of  these  substances,  thi 
quantity  obtained  by  multiplyiug  the  atomic  weight 
eight  remaining  substsnoes  into  the  specific  bent,  is 
Now,  0-375  X  2  =  0*750,  a  number  approaching  very 
to  0*762.  From  this  it  would  seem  that  each  of  theal 
a  binary  com|N)und,  retainn  ail  the  heat  with  which 
united  previouiily  to  its  evterior  into  the  Mate  of  a  con 

ProluibU  tho  Htomir  neiirlit  of  t»ilira  and  nluniina   i 
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Mean  0*808. 


m  meh  at  we  reckon  it.     If  this  be  the  case,  the  product  of  Sect,  iii. 
dK  ttomie  weight  into  the  specific  heat  will  be 
Alumina  0*900^ 

Sifioa  .  0*716  3 

^  nesB  approaches  0*750. 

h  wimld  appear  from  this,  that  the  specific  heat  of  binary 
coBpomds  multiplied  into  the  atomic  weight,  gives  the  con- 
tet  product  0*75.  But  this  law  is  not  so  general  as  the  pre- 
tf&ig;  for  the  chlorides  seem  to  contain  twice  as  much  heat 
M  die  oxides ;  or  the  product  of  the  atomic  weight  into  the 
feeifieheat  b  1*5,  instead  of  0*75.  This  will  appear  from 
tke  following  table : — 


Gaivoiift  tnblimate 
CoBaoQfak 
CUofide  of  potassium 
CUoiide  of  oalcium 


Atomic 
Wdfbt 

SpcHest 

17 

0*069 

7*5 

0*221 

9*5 

6*184 

7 

0*194 

Product. 

1*173 
1*657 
1*748 
1*358 


Mean  1*484. 


But  the  sulphurets  come  under  the  general  law,  as  will  ap- 
poir  from  the  following  table : — 


Solphint  of  iron 
Gi£a 
Gbnibtr 
Bode 


Atomic 
Weight. 

5*5 
15 
14*5 

6*125 


Spi  Heat. 
0*135 

0*044 
0*048 
0*113 


Product 

0-742 
0*660 
0*696 
0*692 


\ 


Mean  0^8. 


This  mean  approaches  sufficiently  near  0*75,  to  show  that 
^^  atom  of  a  sulphuret  retains  all  its  heat. 

Water  is  doubtless  a  ternary  compound,  of  two  atoms  of 
■J^SD,  and  one  atom  of  oxygen ;  its  atomic  weight  being 
Mis,  and  its  specific  heat  1,  the  product  is  1*126.  This  is 
^^5  X  3:=  1*125.  Hence  it  appears  that  in  water  each 
<ta  retains  all  the  heat  which  surrounded  it  or  adhered  to 
■^kfare  combination. 

We  may  conclude,  I  conceive,  from  what  has  been  stated, 
■at  the  specific  heat  of  a  simple  body  is  always  obtained  by 
■rifiig  the  constant  quantity  0*375  by  the  atomic  weight. 
m  the  atomic  weight  of  a  simple  body  be  a,  and  its  specific 

k»l  *,  and  let  c  =  0*375,  then  ar  =  ^. 

a 
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Chttp.  I.       The  following  table,  calculated  from  this  law,  exhibit! 
specific  beat  of  all  the  simple  bodies  at  present  known : — 


Atomic  wtlfbl. 

SpMlickM 

Oxjgen 

1 

0-375 

Chlorine 

4-5 

(W)83 

Bromine 

10 

(H)375 

Iodine 

15-75 

(H)238 

Hydrogen 

(W)«25 

6 

Aiote 

1-75           .         . 

0-214 

Carbon 

1-5 

0-25 

Boron 

1 

0-375 

Silicon 

2 

0-1875 

Phosphorus 

1? 

0-375 

Sulphur 

2 

0-1875 

Selenium 

5 

0-075 

Tellurium 

4 

OK>937 

Anenio 

4-75 

0O79 

Antimonj 

8 

0-047 

Chromium 

4 

0H)937 

Uranium 

26 

0O148 

Vanadium 

8-5 

0H>441 

Moljbdenum 

6 

0O625 

Tungttra 

12-5 

0K)3 

Columbium 

22-75 

0K)164 

Titanium 

3-2.5 

0-115 

Potasiium 

5 

0-075 

Sodium 

3 

0-125 

Lithium 

0-75 

0-5 

Barium 

8-5 

0<M4 

Strontium 

5-5 

0HM>8 

Calcium 

2-5 

0-15 

Magnesium 

1-5 

0-25 

Aluminum 

2-25 

O-Uit]^ 

Glucinum 

2-25 

o-if»; 

Yttrium 

'4-5 

OK)833 

Cerium 

5-5 

(H\5 

Zirconium 

2-75 

0-136 

Thorium 

7-5 

(H\S 

Iron 

3-5 

0-1071 

Manf[^niir«r 

<5 

0-I07I 
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Atomic  weight. 

Specific  beat 

Sect.  ITT. 

Mckd      . 

3-25 

01153 

Cobalt      . 

3-25 

0-1153 

Zinc 

4-125 

0-0909 

Cftclminm 

7 

0-05357 

Leaa 

13 

0-0288 

Tin 

7-25 

0-0517 

Copper 

4 

0-0937 

Bismuth 

9 

0-04166 

Mejrcury 

12-5 

0-03 

Silver 

13-5 

0-0277 

Gold 

12-5 

0-03 

Platiniiin 

.       12 

0-03125 

Pallailiiim 

6-75 

0-0555 

Wiodium 

6-75 

0-0555 

IHflinTn 

.       12-25 

0-03061 

Ottl^gni 

12-5 

0-03 

' 

"■otxndde  of  iron 

4-5 

0-1666 

"^otuntide  of  mangle 

se      4-5 

0-1666 

""O'tjoxide  of  nickel 

4-25 

0-1764 

'^^o^xide  of  cobalt 

4-25 

0-1764 

""otoxide  of  zinc 

5-125 

0-1463 

"^otoxide  of  cadmiui 

ti        8                .         . 

0H)945 

"^otoxide  of  lead 

14 

0-05357 

"^otonde  of  tin 

8-25 

0-0909 

**Oitoxide  of  copper 

5 

0-15 

**llow  oxide  of  bismi 

nth  10 

0-075 

^•d  oxide  of  mercur 

J      13-5 

0*05555 

^**ck  oxide  of  silver 

14-5 

0-0517  . 

Sulphuret  of  iron 

5-5 

0-068 

Qidena     . 

.       15 

0-05 

Gnnabar 

.       14-5 

0-0517 

BUode 

• 

6-125 

0-124 

A  comparison  of  this  table  with  the  results  of  the  different 
•Vunenters  will  enable  the  reader  to  judge  how  nearly  they 
^tifie  approximated  to  the  truth. 

bk  exceedingly  probable  that  the  specific  heat  of  binary 
T'lVHadg  will  be  obtained  by  dividing  0-75=0*375  X  2  by  the 

■ic  weight  of  each  body.     The  following  table  exhibits  a 

**cn  of  specific  heats  determined  in  this  way. 
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AtomkCwdgbU. 

Sp6clflo  ImbIi 

Potash 

6 

0-126 

Soda 

4. 

0-1875 

Lithia 

1-76 

0*4285 

Barytes     . 

9-5 

0^789 

Strontian 

6-5 

0-1153 

Lime 

3-6 

0-2143 

Magnesia 

2-5 

0-3 

But  the  chlorides,  unless  (as  is  probable)  we  are  mistaken 
about  their  constitution,  do  not  come  under  the  law  of  binary 
compounds,  but  of  quaternary  compounds :  their  specific  heit 
being  obtiuned  by  dividing  1-5  =  0*375  X  2  by  their  atonne 
weights,  as  may  be  seen  by  the  following  table : — 

Atomic  wdgbtA.  S^wdSe  hMAL 

Corrosive  sublimate  17  0*0882 

Common  salt     .        .        7*5  .        .        0^ 

Chloride  of  potassium        9*5  0'1579 

Chloride  of  calciiun           7  •         •        0*2143 

The  specific  heat  of  ternary  compounds  is  obtcdned  by  dt 
viding  1*125=0*375X3  by  the  atomic  weight  of  thebod^. 
Thus  the  specific  heat  of  water  is  unity ;  for  its  atomic  wdghl 


is  1*125  and 


1*125 
1-125 


=  1. 


It  would  be  hazardous,  in  the  present  state  of  our  knowledge^ 
to  carry  the  calculation  of  specific  heats  into  more  complicated 
compounds.  I  have  little  doubt  that  it  holds  at  least  aa  fiu 
as  quaternary  and  quintemary  compounds ;  and  hereafter, 
the  knowledge  of  the  specific  heat  of  such  bodies  will  be  a  moil 
important  means  of  determining  not  only  their  atomic  weight, 
but  also  the  number  of  atoms  which  enter  into  their  compoft 
tions.  But  there  are  some  circumstances  connected  with  tin 
specific  heat  of  bodies  that  deserve  to  be  particularly  noticec 
in  this  place. 

1.  It  is  generally  admitted  by  chemists  that  the  specifii 
heat  of  bodies  increases  with  their  temperature.  Thus,  ae 
cording  to  Neumann,*  the  specific  heat  of  water  at  8I«  anc 
212**  is  as  follows : — 

atSP  1 

212°         .         .         10176 

^  Poggomlorfl's  Aiinulcn,  xxiii.  53. 
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m  aagmentatioii  approaching  to  2  per  cent.  If  the  theory  of  Sect,  ill. 
^edfic  heat,  which  I  have  attempted  to  establish  in  the  pre- 
ceding pages,  be  correct,  it  is  obvious  that  the  augmentations 
of  belt  necessary  to  produce  a  given  increase  of  temperature, 
la  the  heat  of  the  body  increases,  must  be  distinguished  from 
&e  specific  heat  of  the  body,  which  must  be  constant  at  all 
tonperatures.  I  conceive  it  to  be  produced  in  this  way. 
Heat  has  the  property  of  augmenting  the  bulk  of  bodies,  and, 
rfoonrse,  of  causing  the  atoms  of  which  they  are  composed  to 
neede  &rtber  from  each  other.  This  increase  of  bulk  cannot 
k  ascribed  to  any  thing  eke  than  a  repukion  between  the 
prticks  of  heat  which  surrounds  the  respective  atoms.  This 
iqNdtton  inoreases  with  the  temperature,  because  the  quantity 
rfheit  smrounding  each  atom  increases.  But  as  the  distance 
ktieen  the  ca[itres  of  the  respective  atoms  increases,  the  re- 
pakun  of  the  heat  must  proportionally  diminish,  and  of  course 
A  greater  quantity  of  heat  surrounding  each  atom  becomes 
fcfdate  to  maintain  the  repulsion  which  determines  the  dis- 
tttoe  between  the  atoms. 

lihall  here  state  the  experiments  of  Dulong  and  Petit  to 
ikow  the  increase  of  the  specific  heat  of  bodies  as  their  tem- 
fntare  augments.  Their  method  was  to  heat  the  body  un- 
dhreumination  to  different  temperatures,  and  then  to  plunge 
itklo  cold  water.  The  change  of  temperature  in  the  water 
^MiUed  them  to  calculate  the  heat  which  the  hot  body  had  lost, 
mi  thence  to  determine  its  specific  heat.  They  have  not 
jim  OS  the  detaik  of  their  experiments ;  but  they  assure  us 
Ait  tbey  were  made  with  great  care,  and  that  the  results  are 
'Wj  near  the  truth.  They  found  that  the  specific  heat  of 
Wj  aobstance  is  greater  at  high  temperatures  than  at  low 
lures,  and  that  it  always  increases  with  the  tempera- 
Tbus  the  specific  heat  of  iron,  at  different  tempera- 
they  found  as  follows :  ^ 

Caitlgnae.  FWivenhelt  Sp.  heat. 

Ppom  C"  to  1<K)«  32°  to  212«»  0-1098 

0    to  200  32    to  392  .  0-1150 

0    to  300  .         32    to  572  .  01218 

0    to  350  .         32    to  662  .  01 255 
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Chap.  I.        The  following  table  exhibits  the  specific  heats  at  different 
temperatures  of  the  other  bodies  tried  by  them : — 


Mercury 

Zinc 

Antimony 

Silver    . 

Copper 

Platinum 

Glass     . 


Sp.  heaU  between 
Oo  and  \(Xf  cent. 

0-0330 
0-0927 
0-0507 
0-0557 
0-0949 
0-0355 
0-1770 


Sp,  hMts  bet 
0»andaO(Poent 

0-0350 
0-1015 

0K)549 
0-0611 
0-1013 
0K)366 
0-1900* 


2.  It  has  been  long  known  that  when  Uquids  upon  beiog 
mixed  enter  into  chemical  combination  with  each  other,  tlie 
temperature  changes,  and  in  general,  heat  is  evolved.  Thii% 
when  we  agitate  together  mixtures  of  water  and  alcoholi 
water  and  nitric  acid,  water  and  sulphuric  acid,  the  respectm 
liquids  combine,  and  do  not  again  separate  though  left  at  rest 
Now,  at  the  instant  when  these  liquids  unite  with  each  other, 
there  is  a  considerable  evolution  of  heat. 

Dr  Irvine  was  the  first  person  who  attempted  to  accoimt  for 
this  increase  of  temperature,  and  his  explanation  has  been  gene- 
rally admitted  as  satisfactory ;  though  I  am  not  aware  of  any 
other  person  except  Gadolin,  who  has  attempted  to  put  it  to  the 
test  of  experiment.  Wlien  two  liquids  evolve  heat  in  the  instant 
of  combination,  the  reason  according  to  Dr  Irvine  is,  that  the 
specific  heat  of  the  compound  is  less  than  the  mean  of  the 
specific  heat  of  its  two  constituents;  hence  it  requires  lea 
heat  than  it  did  before  the  combination  to  maintain  the  tenh 
perature.  This  surplus  heat  escapes  and  occasions  the  aug- 
mentation of  temperature.  Irvine  employed  this  explanation 
as  a  means  of  arriving  at  a  knowledge  of  the  real  zero.  He 
found  that  when  equal  bulks  of  sulphuric  acid  and  water  are 
mixed  together,  the  thermometer  rises  from  57**  to  212® ;  or 
the  heat  evolved  amounts  to  155**. 

He  stated  the  specific  heat  of  sulphuric  acid  to  be  0*333,  or 
the  third  part  of  that  of  water ;  while  the  specific  heat  of  a  mix- 
ture of  equal  volumes  of  acid  and  water  was  0*52.     But  the 


*  Annals  of  Philosophy,  xiii.  107* 
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specific  h^t  of  equal  volumes  of  acid  and  water  is  0*57.  Sect.  III. 
The  difference  between  these  two  numbers  is  0*05,  or  about  j^^th 
of  the  whole  heat.  Now,  the  heat  evolved,  he  conceived  to 
kthe  consequence  of  this  diminution.  It  amounted  to  155^, 
and  was  about  y\jth  of  the  whole  heat  contained  in  the  liquids 
It  57*.  Consequently,  the  real  zero  is  1550®  below  57®,  or 
aboot  1500®  below  the  zero  of  Fahrenheit. 

Before  we  admit  the  validity  of  this  very  ingenious  and 
fhosible  theory,  we  must  be  sure  of  the  accuracy  of  the  facts. 
Tke  only,  experiments  on  the  subject  with  which  I  am  ac- 
fMinted,  were  made  by  Professor  Gadolin  of  Abo.*  His  ex- 
Iffiments  were  made  upon  solutions  of  common  salt,  and  upon 
■Btores  of  sulphuric  acid  and  water;  but  as  he  gives  no- 
ikre  the  specific  gravities  of  the  substances  used,  and  as  the 
inoc  proportions  were  not  attended  to,  we  have  not  sufficient 
liUto  warrant  the  conclusions  which  Gadolin  has  drawn. 

I  made  a  series  of  experimei^ts  upon  mixtures  of  water  with 
ikohol,  nitric  acid,  and  sulphuric  acid ;  and  I  shall  here  state 
insult  of  these  experiments. 

(1.)  Alcohol. 

Tbe  following  table  exhibits  the  specific  gravity  of  absolute 
^fcihd,  and  of  mixtures  of  alcohol  and  water,  in  atomic  pro- 
I*tion8  at  the  temperature  of  60® : — 


Real  (peciflc  , 

Meanfpecif 
gravity. 

gravity. 

Absolute  alcohol 

0-795 

AInM. 

W*tar. 

4itoins  + 

1  atom 

0-8179 

0-8094 

3           + 

1 

0-8259 

0-8138 

2           + 

1 

0-8384 

0-8222 

»           + 

I 

0-8672 

0-8433 

i           + 

2 

0-9042 

0-8733 

>           + 

3 

0-9266 

0-8937 

•           + 

4 

0-9412 

0-9084 

J           + 

5 

0-9509 

0-9196 

»           + 

6 

0-9576 

1  0-9283 

'           + 

7 

0-9624 

0-9353 

»           + 

8 

0-9659 

0-9411 

1           + 

9 

0-9687 

0-9459 

»           +10 

0^709 

0-9500 

nfflbieDcn. 


+0-00617 
+0-01206 

+0-01619 
+0-02392 
+0-03084 

+0-03289 
+0-03262 
+0-03130 
+0-02930 
+0-02708 
+0-02486 
+0-02278 
+0-02090 

^Koag.  Vet  Acad.  Nya  Haodlingar,  1784,  p.  218.  An  account  of  them 
*•  fcwMl  in  the  appendix  to  Crawford's  TreaHse  an  Heat. 
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^'""•p-  *'  From  this  table  it  appears  that  the  real  specific  gnvitj  of 
mixtures  of  alcohol  and  water,  is  in  all  cases  above  the  aiecB, 
and  that  this  excess  is  greatest  when  1  atom  alcohol  ia  nixed 
with  3  atoms  of  water.  The  augmentatios  amoonta  in  thai 
case  to  almost  ^^^h  part.  It  is  evident  that  wheo  alcohol  aad 
water  unite,  the  atoms  approach  nearer  eadi  other  thao  bo- 
fore.  We  might  expect,  therefore,  that  the  specific  hflals 
would  rather  diminish  in  proportion  aa  the  specific  gfvmvit^ 
increases. 

The  following  table  exhibits  the  specific  heats  of  thoM 
different  mixtures,  determhied  by  measuring  the  tisse  wUel 
given  volumes  of  such  mixtures  took  to  cool  a  oertain  muhci 
of  degrees ;  usually  40*. 


1 

WeMf|MCtflc 

IfcvaiPi 

l^lMito. 

iMtbf 

DlftlMMk 

MrfM^ 

Absolute  alcohol          | 

0-6600 

flSO^^M* 

Alcoliol. 

Wattc 

4  atoms 

4*    I  Atom 

0^75 

0-7280 

-4H)5a5 

0«903 

3 

+      1 

0-7576  1  0-7451 

+0K)126 

0-6992 

2 

+       1 

0-8034  1  0-8150 

— (H)116 

0-7156 

+       I 

0-8466  ■  0-830 

+0H)166 

0-7576 

+    2 

0-9210     0-886 

+0H)34 

0-H092 

+    3 

0-9915     0-915 

+OH)765 

0-8436 

+    4 

0-91H;2     Oil32 

+00642 

0-868 

+    5 

1-0052     0-9433 

+0K)619 

O-WW 

+    « 

1-0204     0i)516 

+0-0690 

0-8984 

+    7 

1-0136     Oi»575  '  +0-0561 

<KM)90 

+     H 

1-0227     OiW22     +(H)*'><»5 

0-918 

+    it 

1-0398     IKH16       +0^)7.38 

09248 

+  »o 

1-0277 

0-9*;9 

+OK)587 

0<)308 

The  specific  boat  in  this  table  \»  ronsiderably  above  the 
mean,  except  in  two  casc!* ;  but  if  wc  take  into  view  the 
weight  of  the  atoms  of  alcohol  and  water,  we  obtain  the  mean 
specific  heats  in  the  last  column  of  the  table.  By  IwAh  way« 
of  cAlculatinir  we  M*e  that  the  specific  heats,  with  one  or  two 
exceptions,  are  al>ove  the  mean.  It  is  impossible,  therefore,  ii 
any  confidence  can  be  plac(*d  in  theste  experimentj*,  to  account 
for  the  heat  evolvi^i  hy  a  diminution  of  the  specific  heat,  when, 
so  far  from  diminishing,  the  specific  heat  in  reality  increases. 

The  heat  pHHluced  by  mixing  alcohol  and  water  is  veri 
stmall.     24  cubic  inches  of  the  alcohol  were  usually  employed, 
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VhcD  iQ  atom  of  (1  alcohol  +  1  water)  was  mixed  with.  1  Sect,  iir 
iloaof  water,  the  heat  evolved  was  7^.     When  an  atom  of 
later  was  added  to  an  atom  of  (2  alcohol  ^  1  water),  the 
taperatnre  rose  4^.     The  same  rise  was  observed  when  an 
toi  of  water  waa  mixed  with  (1  alcohol  +  2  water). 

When  18  cubic  inches  of  absolute  alcohol  were  mixed  with 
nmnch  water  a»  to  constitute  a  mixture  of  (1  atom  alcohol 
+  4  atoms  water),  the  temperature  rose  14®.  When  12  cubic 
iadieg  of  (1  alcohol  +  4  water)  were  mixed  with  such  a  quan- 
tity of  water  as  to  constitute  (1  alcohol  -|-  9  water),  the  rise  of 
taperature  was  7^. 

It  is  obvious  that  the  heat  evolved  when  alcohol  and  water 
are  nuxed,  cannot  be  owing  to  a  diminution  of  the  specific 
heat,  nnce  in  most  of  the  mixtures  the  specific  heat  is  greater 
tban  the  mean. 

(2.)  Nitric  Acid. 

A  nnilar  set  of  experiments  was  made  upon  mixtures  of 
nitric  add  and  water.  The  strongest  acid  in  my  possession  had 
A  ipeciic  gravity  of  1'504.  Il  was  a  compound  of  1  atom 
Md,  aid  1-37  atoms  water. 

Thefettowing  table  exhibits  the  specific  gravity  of  mixtures 
«( this  acid  and  water  in  atomie  proportions : — 


Atam  Water. 

+  1-37 
+  2 
+  3 
+  4 
+  5 
+  6 

+  7 
+  8 

+  9 

+10 


tp,  Ora? ity. 

Mmn&o. 

1-504 

1*4862 

1*4646 

M477 

1*4321 

1-4177 

1*4030 

1-4005 

1*3961 

1-3T24 

1'36T1 

1  1*3598 

1*3268 

1*3235 

1-3233 

1*3007 

1-2986 

1  1*2815 

1-2773 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 


0*0216 
0K>165 
0-0147 
0*0044 
0*0053 
0-0023 
0*0002 
0*0021 
0*0042 


The  specific  gravity  is  in  every  case  above  the  mean ;  and 
hW  greatest  diminution  of  bulk  is  when  1  atom  acid  combines 
«ffli  two  atoms  of  water- 
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Cb^^  l«        The  following  table  exhibits  the  heat  evolred  when  the 
and  water  are  mixed  in  atomic  proportions : — 


Actd.     WatCT. 

Water. 

TMr«M 
rtMifr 

(I  +  1-37) 

+  (H53 

63^  to 

(1  +2) 

+  > 

47   to 

(>+3) 

+  1 

46  to 

(1+4) 

+  1 

50  to 

(1+5) 

+   • 

60  to 

(1+6) 

+   1 

424  to 
68][  to 

(1+7) 

+  1 

(I+«) 

+  I 

63  to 

(1  +9) 

+  • 

68  to 

HmI 


n2»  49» 


90 
75    i 
65    i 
78 

71i 

r>6 

70    ' 


The  greatest  evolution  of  heat  takes  place  doubtleta  vbeo 
(I  acid+  1  water)  is  mixed  with  an  atom  of  water,  corre^ 
sponding  to  the  greatest  increase  of  specific  grarity. 

The  following  table  exhibits  the  specific  beats  of  these 
various  mixtures : — 


,43 
,29 

!  16 
18 

3 
2 


Acid. 

Wttor. 

flp.RMt. 

HMO  da. 

DUhraaoi 

+  1-37 

0-4645 

1 

.       +2 

0-5138 

0-5066 

+  0O072 

.       +3 

0-5553 

0-5691 

—  0K)138 

.       +4 

05834 

0-5997 

—  0K)163 

.       +5 

0-6021 

0-6214 

0K)193 

.       +« 

0-6415 

0-6:J52 

+  0O063 

.       +7 

0-6495 

0-(;690 

0-0195 

.       +8 

0-6832 

0-6731 

-{-0K)101 

•       +9 

0-694 1 

0-7043 

00102 

+  10 

0-7239 

0-7228 

+  0K)01I 

Here  also  the  specific  heat  of  the  mixture  is  someti 
greater  and  sometimes  less  than  the  mean.    Of  course  it  is  i 
possible  that  the  constant  evolution  of  heat  which  is 
siuned  by  every  mixture,  can  be  accounted  for  by  a 
of  the  spivific  heat. 

(3.)  Suiphuric  acid* 

The*  following  table  exhibits  the  specific  gravity  of  ntx- 
tures  of  sulphuric  acid  and  water  in  atomic  proportions  : — 


*  Rrcordi  of  Genrrml  Scienci*.  iv.  252. 
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Water. 

atom  +  1  atom 
+  2 

+ 
+ 
+ 
+ 
+ 
+ 
+ 


3 
4 
5 
6 

7 
8 

9 
+10 


Specific 
gravity. 

Meradltta 

1-8422 

1-7837 

1-7114 

1-6588 

1-6158 

1-5593 

1-5429 

1-4737 

1-4854 

1-4170 

1-4389 

1-3730 

1-4006 

1-3417 

1-3684 

1-3105 

1-3410 

1-2845 

1-3174 

DifRKOOSlL 

+0-0723 
+0-0430 
+0-0164 
—0-0117 
—0-0219 
—0-0276 
—0-0267 
—0-0305 
—0-0329 


Sect.  III. 


The  first  three  of  these  mixtures  have  a  specific  gravity 
«boTe  the  mean ;  but  that  of  the  last  six  is  below  the  mean. 

The  following  table  exhibits  the  heat  evolved  when  sulphuric 
add  of  (1  acid  +  1  water)  is  mixed  with  water  in  atomic  pro- 
portion:— 


itiO.    Water. 

Water. 

^lefiu.  rote  from 

Heat 

evolved. 

(1+  1) 

+  1 

60^  to  245  ^^ 

185"> 

(1+2) 

+  1 

65    to  135 

70 

at  ? 

+  1 

64    to  110 

46 

+  1 

60    to    95 

36 

0+5) 

+  1 

63    to    76 

13 

(1+6) 

+1 

63    to    72 

9 

(1+  V) 

+  1 

63    to    70 

7 

(1+8) 

+  1 

63    to    69 

6 

(1+9) 

+  1 

63    to    67 

4 

(1+10) 

+  1 

63    to    66 

3 

heat  eToIved  was  much  greater  whea  1000  grains  of  oil 
of  vitriol  of  sp.  gr.  1'8422  were  mixed  with  atomic  proportions 
of  ««ter,  as  shown  in  the  following  table : — 


+1  atom 
+2 
+3 
+4 

+5 
+6 
+7 

+8 
+9 


Weight  in  grains  of 


Add. 
1000 

1000 

1000 

1000 
1000 
1000 
1000 
1000 
1000 


Water. 

183-6 
367-3 
550-9 
734-6 
918-3 

1102 

1285-7 

1469-3 

1653 


Tbenn.  riiea  fhnn 

60«  to  245° 

67  to  286 

60  to  268 

60  to  263 

60  to  238 

59  to  222 

59  to  207 

59  to  198 

59  to  188 


Heat 
erolred. 

185° 

219 

208 

203 

178 

163 

148 

139 

129 


The  following  table  exhibits  the  specific  beats  of  these  mix- 
of  oil  of  vitriol  and  water  : — 


82 


HBAT. 


<1m^  I. 

AckL 

Water. 

%ilMili. 

McMdow 

1    naiMiB 

1  atom 

+    1  AUim 

0-3593 

1 

+  2 

0-4707 

0-4587 

+0^120 

+  3 

0-4786 

0-5326 

— 0K)540 

+  4 

0-5228 

0-5869 

-4H)641 

+  5 

o-sr/jo 

o-6:k)6 

— <H)6I6 

+  6 

o^m  ! 

0-6660 

— 0K>569 

+  7 

0-6424  : 

0-6952 

— 0i)524 

+  8 

0-6691) 

0-7197 

— 0K)498 

+  9 

0-7003 

0-7405 

— 0H)402 

+  10 

0-7201    . 

0-7581 

— 0H)384 

Here  we  see  also  all  the  specific  heats  of  these  mixture 
below  the  mean,  except  the  first.  It  is  obrions  from  1 
tables  that  Dr  Irvine's  explanation  of  the  heat  erolTed  ^ 
liquids  combine  chemically,  cannot  be  the  troe  one. 
consequently,  that  his  method  of  detecting  the  real  ser 
this  evolution  cannot  lead  to  correct  results. 

Letusnowsee  howfarthe  theory  of  specific  heat,  as  it  has 
stated  in  this  section,  will  assist  us  in  acccmntiug  for  this  evola 

It  follows  from  the  constant  quantity  obtained  by  muhipl 
the  atomic  weight  into  the  specific  heat  of  simple  bodies^ 
each  atom  is  surrounded  by  the  same  quantity  of  heat.  ' 
law  holds  also  with  binary  compounds ;  each  atom  rettt 
the  quantity  of  heat  with  which  it  was  surrounded  before  < 
bination.  But  when  a  great  number  of  atoms  unite  togd 
this  rule  does  not  hold.  A  certain  portion  of  the  heat 
appears  in  consequence  of  the  union,  and  this  beat  w 
escAl»es  doubtless  accounts  for  the  heat  evolved  during 
combination.  The  following  table  exhibits  the  product 
the  atomic*  weitrht  of  mixtures  of  sulphuric  acid  and  wi 
multiplied  into  the  n*8{M*ctive  specific  heats  :«- 


Mlttum. 
Acy.  U 

1  atom   +    I  atom 


I 
I 
1 
I 
I 
I 
I 
I 
I 


+ 
+ 
+ 
+ 

+ 
+ 
+ 


2 
.{ 
4 
5 
6 
7 

N 

9 


+  10 


Aum 

Wiglitt. 

8-;{75 

!M 

l(H;i5 
11-75 
12-875 
14 

1512.5 
16-25 


,V|wcihc  Bote    m^^^  ^  ^^d 


o-:«y3 
0-1707 

<H786 

0-5690 
0-<kHj| 

OiJ429 
0-7201 


2-201 
3-412 
4-<N)K 

4-9^*1] 
6-046 
7157 
8-277 
9-379 
10-592 
11-702 


S0-375X  4 
=(h375X  S 
=0-375x10 
=0-375x13 
=0-375x16 

=0-375x19 
=0-375x22 
S0-375X2S 
sO-S75Xti 
=0^75X31 
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list  column  shows  to  what  number,  multiplied  by  0'375,  Stct  ill. 
product  of  the  atomic  weight,  by  the  specific  heat,  is  equal. 
ete  can  be  no  doubt  that  if  the  specific  heats  were  absolutely 
Kci>  the  multiples  of  0*370  would  be  as  follows : — 


Wattr. 

atom+  1  atom 
+  2 


+ 
+ 
+ 
+ 
+ 
+ 
+ 


3 
4 
5 
6 

7 

8 
9 


+10 


MDltiplai. 

NoBbacT 

•tonu. 

6 

7 

9 

10 

11 

13 

13 

16 

16 

19 

19 

22 

22 

25 

25 

28 

28 

31 

31 

39 

— 1 
—I 

—2 
—3 
—3 
—3 
—3 


—3 
—3 


Ik  durd  colamn  of  the  table  shows  the  number  of  atoms  con- 
■i(d  10  each  mixture. 

t  appears  from  this  table,  that  when  one  atom  of  sulphuric 
■iad  one  atom  of  water  combine,  tbongh  the  number  of 
Imm  in  the  mixture  be  7,  yet  the  product  of  the  atomic 
^  into  the  spedfic  heat  is  only  0*375  X  6 ;  consequently, 
itsfenth  of  the  whole  heat  is  dissipated.  The  consequence 
•  til  disnpation  must  be  the  erolution  of  an  enormous 
Mity  of  heat,  as  is  known  to  be  the  case  when  anhydrous 
Ifbanc  acid  and  water  are  mixed  together. 
When  one  atom  of  acid  is  mixed  with  three  atoms  of  water, 
■fkm  an  atom  of  oil  of  vitriol  is  mixed  with  two  atoms  of 
Mk^  the  product  of  the  atomic  weight  and  specific  heat  is 
^•'375  X  U,  instead  of  by  13,  so  that  ^^ths  of  the  whole 
Mil  eToWed.  But  we  have  seen  that  in  this  case  the  heat 
Ad  is  2190.  But  219''  is  yV^s  of  1423''-5 ;  so  that  the 
UelMat  present  before  the  mixture  was  1423o*5.  If  we 
Ml  determine  the  elevation  of  temperature,  with  accuracy, 
P}nt  here  a  mode  of  coming  to  the  real  zero.  But  it  is 
UiKthat  the  heat  evolved  must  exceed  219^.     The  ther* 

rises  with  great  rapidity,  and  begins  to  sink  imme* 
jft  and  a  good  deal  of  the  heat  b  expended  in  the  vessel 

the  experiment  is  made. 
r^ftiidMoas  that  the  same  mode  of  reasoning  will  apply  to 
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Chap.  1.   nitric  acid  and  alcohol.     The  following  table  exhibits  the 
quisite  data  for  nitric  acid : — 


1+ 
1+ 
1  + 
1+ 
1  + 
1  + 
1+ 
1+ 
1+ 
1+10 


LjJiissrU'*^"**'^*****'^ 


8-29125 

9 

10-125 
11-25 
12-375 
13-5 
14-625 
15-75 
16-875 
18 


1-37 

<n  atoms. 

10 

2 

12 

3 

15 

4 

18 

5 

21 

6 

24 

7 

27 

8 

30 

9 

33 

0 

36 

Speciflc 

Product  of 

hesU. 

coif.  Sand  4. 

0-4625 

3-851 

0-5138 

4-624 

0-5553 

5-562 

0-5834 

6-563 

0-6021 

7-451 

0-6415 

8-660 

0-6495 

9-581 

0-6832 

10-760 

0-6941 

11-713 

0-7239 

13-030 

=0-376xl0-2^ 

=0-375xl2-S3 

=:0-375x  14-832 

=0-375xl7-53S 

=0-375xl9-85» 

=0-375x23-093 

=0-375x25-54fl^ 
=:0-375x28-®^ 
=0-375>i31-23^ 
=0-375X36-013 


The  reason  of  the  small  elevation  of  temperature,  when  iritr»* 
acid  and  water  are  mixed,  becomes  evident  from  this  taUa. 

We  cannot  apply  this  mode  of  reasoning  to  alcohol.    Tb^ 
number  of  atoms  is  so  great,  and  several  circumstances  oo 
nected  with  its  atomic  constitution  are  so  uncertain,  that 
'  data  are  not  sufficiently  accurate  for  the  purpose. 

It  is  obvious  that  in  all  cases,  when  heat  is  evolved  by 
ing  two  liquids  together  there  exists  an  affinity  between  theiA 
and  when  mixed  they  enter  into  a  chemical  combinations  Vo^ 
it  is  very  seldom  that  bodies  unite  chemically,  without 
going  a  change  in  their  volume.  Sometimes  the  bulk, 
union,  increases ;  but  most  commonly  it  diminishes.  In  tb^ 
first  case  the  atoms  of  which  the  bodies  are  composed,  sepamt* 
to  a  greater  distance  than  before  their  union ;  in  the  B&ooiod 
case  they  approach  nearer  each  other.  In  the  case  of  expflS* 
sion  we  would  expect  a  diminution  of  temperature ;  in  the  dt^ 
Cold  from  of  contraction  an  increase.     There  can  scarcely  be  a  dooW 

•olatlOD  o»     ,  ,  ,  .  .  -  ■ 

laita.  that  these  alterations  m  temperature  take  place  in  almost  iB 

chemical  combinations,  though  other  circumstances  firequentlf 
accompany  these  combinations,  which  prevent  us  from  pl^ 
ceiving  the  alteration  of  temperature  produced  by  the  comUl^ 
tion.  For  example,  when  salts  are  dissolved  in  water,  Ab 
density  of  the  compound  is  almost  always  greater  than  the 
mean.  Heat,  therefore,  should  be  evolved.  But  in  nM 
cases  we  are  prevented  from  perceiving  any  augmentation  rf 
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/elaperature  by  the  liquefaction  of  the  water  of  crystallization,  Sect,  in. 

ti\]^<^  most  salts  contain.     When  the  quantity  of  this  water  of 

ttjKtaUization  is  considerable,  the  heat  necessary  for  its  lique- 

fM^OQ  is  so  great  that  a  considerable  diminution  of  temperar 

,    tnre  takes  place.     I  select  the  following  experiments,  which  I 

vide  many  years  ago,  to  satisfy  myself  what  change  in  the 

Teil  density  of  the  compound  takes  place  even  in  those  salts 

lidclioccasion  sensible  cold  by  their  solution  in  water :  — 


tthcrjitak 


Cirbonate 

ofioda 
Sulphite 

cifaoda 
Sn^iliite 

or  iron 
^ihate 

offliag- 

aeiia 


Ssxaravity 

OfMlt 


1-624 

1-3497 
1-8 

1-862 


SaltdU. 
■olved. 


In  grains 
of  water. 


Sp.  gr.  of 
•olution. 


Grains. 

300 

299 
300 

300 


1000 
1000 
1000 

1000 


1-0880 


1-0908 


1-1313 


1-1206 


Mean  gra> 
▼ity.* 


1-0973 
1-0634 


1-1142 


1-1197 


Difflnencen 


—0-0093 
+0-0274 
+0-0171 


+0-0009 


h  all  these  solutions,  a  contraction  takes  place,  except  in 

ft^  case  of  carbonate  of  soda,  where  there  is  an  expansion. 

^ka  these  salts  are  dissolved  in  water,  cold  is  produced ; 

mihe  diminution  of  temperature  depends  as  much  upon  the 

Jipd^  of  the  solution  as  upon  any  thing  else.     But  the 

jpBstest  cold  is  produced  by  the  solution  of  carbonate  of 

Mkf'm  which  there  is  expansion  instead  of  contraction.     The 

:jUkiming  table  shows  the  diminution  of  temperature  which 

.ttes  place  when  300  grains  of  each  of  the  preceding  salts  in 

':.^  state  of  powder,  but  retaining  their  water  of  crystallization, 

Mdkrown  into  1000  grains  of  water  and  stirred  with  a  ther- 

as  long  as  the  temperature  continues  to  sink : — 


iiie  method  of  calculating  the  mean  specific  g^vity  of  two  bodies,  or 
f.  ■(  specific  graTitj  of  a  compound,  supposing  that  no  change  of  volume 
I  '^hspltoe,  and  that  we  know  the  specific  grimiy  of  each  of  the  constitu- 
te^ liii  follows .— 

Ut  the  two  bodies  uniting  be  A  and  B.     Let  S  =:  spedfic  gravity  of  A, 
sits  weight    S'  =  specific  gravity  of  B.     W'  =  its  weight,  then  the 

P^ipecifie  gravity  of  the  compound  is  >      g^X'W^Q ' 
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Heat  from 
Imhydroofl 
uJto. 


Tonpenture  of 

water  before 
adding  tbesalto. 

Ditto  after  agi. 
tatioo. 

DImiimtioii  of 
leiBpei  alw  tw 

Carbonate  of  soda 
Sulphate  of  soda 
Sulphate   of  mag- 
nesia 
Protosulphate    of 
iron 

59** 
57-6 

56-5 

58 

43** 
45-5 

51 

53-5 

12 
5-5 
4*5 

When  these  salts,  in  an  anhydrous  state,  are  thrown  into 
water,  the  temperature  rises.  Thus  300  grains  of  anhydrom 
carbonate  of  soda,  thrown  into  1000  grains  of  water,  and 
stirred,  elevated  the  temperature  of  the  solution  from  57^*5  to 
79^*5,  or  22  degrees.  The  salt  was  nearly,  though  not  eaa^ 
pletely,  dissolved.  The  specific  gravity  of  anhydrous  carbo»* 
ate  of  soda,  is  2*640,  and  the  specific  gravity  of  a  sataralod 
solution  at  80^  of  this  salt,  is  1*2291,  and  it  is  a  compoond  of 
1000  water  +  292*3  salt,  or  at  80^,  100  water  di88olTed99*tt 
of  the  anhydrous  salt.  '  In  this  case,  there  is  a  great  dmmni- 
tion  of  volume ;  for  the  specific  gravity,  supposing  no  alteration 
in  volume,  should  be  1*1636.  The  contraction  amounta  to 
0*0555.  Three  hundred  grains  of  anhydrous  sulphate  of  soda 
being  thrown  into  1000  grains  of  water  at  61^*5,  the  temperip 
ture  rose  to  65^*5  or  4^.  It  continued  long  at  that  temperip 
ture.  Much  of  the  salt  remained  undissolved.  The  specifie 
gravity  of  the  solution  was  1*  1549.  It  consisted  of  1000  graim 
of  water  holding  in  solution  164*84  grains  of  anhydrous  salt 
The  mean  specific  gravity  is  1*0934.  The  volume  therefim 
has  contracted. 

M.  Kupffer  has  determined  experimentally  the  change  of 
volume  which  takes  place,  where  lead  and  tin,  mercury  and 
tin,  and  mercury  and  lead,  are  alloyed  in  various  proportioDt. 
He  found  the  specific  gravity  of  the  metals  which  he  employed 
as  follows : — 

Lead  11*3308 

Tin     .         .  7-2911 

Mercury  13*5886 

at  the  temperature  of  39^*38,  the  point  of  maximum  density 

of  water. 
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TSa 

Alloy  of 
Lead. 

Atom    1  atom 

specific  gniTity 
of  the  alloy. 

Bfeanfpedflc 

gra;vity  ofthe 

twomecali. 

DiflHsrenocf. 

1    i 

9-4263 

9-4366 

0-0103 

1 

2 

10-0782 

10K)936 

0-0154 

1 

3 

10-3868 

10-4122 

0-0254 

1 

4 

10-5551 

10-6002 

—  0-0431 

i     ^ 

8-7454 

8-7518 

0-0064 

\    ^ 

8-3914 

8-3983 

0-0069 

\  4 

8-1730 

8-1826 

0-0096 

1  5 

8-0279 

8-0372 

0-0093 

Li. 

7-9210 

7-9326 

—  0-0116 

Sect.  111. 

Density  of 
alloys  of  tin 
and  lead. 


The  specific  gravity  is  always  less  than  the  mean.  These 
Mtili,  therefore,  dilate  when  they  combine.  The  dilatation 
Blnit  between  the  alloy  of  2  atoms  tin  +  1  atom  lead,  and 
fc  iDoy  of  3  atoms  tin  +  1  atom  lead.  M.  Kupffer  found 
fcttt  alloy  of  2^  atoms  tin  +  1  atom  lead,  neither  under- 
INi  contraction  nor  dilatation,  but  is  precisely  the  mean  of 
fctof  the  two  metals  alloyed. 

The  following  table  exhibits  the  specific  gravity  of  the 
^ttlgams  of  tin : — 


Amalgami  of 
Ha.          Mercury. 

1  atom  1  atom 

2  1 
4            1 
6            1 

Specific  gravity 
ofa&y. 

Meaaspedflc 
gr.  of  metalt. 

Diilkrencet. 

11-3816 

10-3447 

9-3185 

8-8218 

11-3480 

10-2946 

9-2658 

8-7635 

+  0H)336 
+  0-0501 
+  0-0527 
+  0K)583 

Of  amal- 
gams of  tin. 


Hoe  the  specific  gravity  is  always  above  the  mean,  so  that 
vaetals,  when  they  unite,  diminish  in  volume,  and  thb  dimin- 
voi  increases  as  the  quantity  of  tin  increases. 

Ilie  following  table  exhibits  the  specific  gravity  of  various 
Milgims  of  lead : — 


1 

Voluaseiof 
Lead      Mercury. 

1     +     4 
1     +     3 
I     +     2 

Specific  grarlty. 

Mean  gravity. 

Dilferences. 

13-1581 

13-0397 
12-8648 

13-1116 
13-0003 
12-8147 

+  0-0465 
+  0-0394 
+  0-0501 

Of  amal- 
gams of 
lead. 


Hm  also  the  volume  diminishes  when  the  two  metals  coin- 
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ClHip.  I.   bine ;  and  the  alloy  composed  of  1  volume  lead,  and  3  volumi 
"  mercury 9  undergoes  the  least  contraction.* 

The  alteration  in  volume  which  takes  place  when  bodii 
unite  together,  and  the  quantity  of  heat  evolved,  or  absorbc 
during  the  union,  when  studied  with  more  accuracy  than  the 
have  hitherto  bei*n,  will  doubtless  furnish  most  important  dal 
for  investigating  the  nature  of  affinity,  and  for  determining  tt 
difference  in  the  intensity  of  this  force  in  different  combinadon 
I  shall  therefore  give  a  few  more  examples. 

1.  The  combinations  of  the  metals  with  sulphur  are  i 
definite,  and  generally  intimate.  In  all  cases  hitherto  examii 
ed,  these  combinations  are  accompanied  by  a  diminution  i 
bulk,  which  in  some  cases  is  very  considerable.  The  foUoi 
ing  table  exhibits  the  composition  and  specific  gravity  of 
of  these  sulphurets : — 


MtUU. 

sp-r.     ' 

Atonic      1 

VViftaUL        , 

Iron 

7-8 

3-5 

Zinc 

G-86I 

4-125 

I^ad 

11 -.357 

13 

CopjM»r 

H-ll 

4 

BiJiniuth 

I^H33 

y 

Silver 

nH74 

1 3-5 

Mercurv 

1    13-,5(>8 

12-5 

Sulphur 

•2-08« 

2 

or  talpha- 


Ki 


>  oCtulptouffCi. 


Protosulphuret  f>f 

inin 
Bisulphuret     of 

iron 
Sulphurft  of  line 
Sulphuri't  of  lead 
I)isulphurt*t    (»f 

cop|M*r 
Siil|ihiir«*t    of 

hiimuth 
Sulphun*t    of 

iniTciirj 
Siil|ihtiri't    of 

"ilvrr 


COMCltUCtltIk 

McUL  fiulphur. 


1  atom  +  1  atom 


8p.gr. 


I    DiRobT 


1 
1 
1 

2 

1 

i    1 

I 


+  2 

+  1 

+  1 

+  I 

+  1 

+  I 

+  I 


4-518 

4-83 

41)41 

7-602 


4-344 


0-174 


;  3-16115    x-euM 

31)60       Oi}M 
7-115       0*4iW 

0-309 


5-71)2     5-383 


7-591 
7-7  SI 


7-2 


M\47       OiH3 


7-73t>    [  0^156 
'W#176     0-2**2< 


•   Anil    flf  rjiim    .t  Hr  J'|i\*.  \\    '>»•. 
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The  most  remarkable  of  these  compounds  is  the  bisulphuret  Sect.  in. 
of  iron,  which  is  composed  of  1  atom  iron  +  2  atoms  sulphur. 
When  iron  combines  with  sulphur,  atom  to  atom,  the  specific 
gravity  is  considerably  above  the  mean,  being  4*518.  Now, 
when  sulphur,  which  has  a  specific  gravity  of  2*086,  combines 
ia  a  sulphoret  having  a  specific  gravity  more  than  double,  one 
would  expect  that  the  specific  gravity  of  the  compound  should 
dinmiiBh.  It  comes  out  by  calculation  only  3*4465 :  but^  is 
leoUy  4*83 ;  so  that  the  specific  gravity  has  increased  almost 
two-^fthfl* 

2.  Oxygen,  being  in  a  gaseous  state  and  metals  solid,  we 
eamiot  so  well  determine  the  diminution  of  bulk  which  takes 
place  when  they  combine.  Yet  as  the  oxygen  is  condensed 
into  a  solid  in  all  of  these  compounds,  we  have  it  in  our  power 
at  least  to  observe  the  comparative  condensation,  which  may 
suggest  some  useful  ideas.  I  shall  therefore  give  the  foUow- 
11^  examples  of  these  combinations : — 


It 


Oildct, 

CompodUoo. 

1  Protoxide  of  lead 

13  lead 

+  1  oxygen 

S  Sedlead   .... 

13 

+  1-5 

3  Peroxide  of  lead 

13 

+     2 

Peroxide  of  tin  • 

7-25  tin 

+     2 

1   Red  oxide  of  copper   . 

8  copper 

+     1 

^  Black  oxide  of  copper 

4 

+     1 

Oxide  of  biftmuth 

9  bismuth 

+     1 

1   Black  oxide  of  mercury 

26  mercury 

+     1 

9  Red  oxide  of  mercury 

25 

+     2 

Oxide  of  silver  . 

13-5  silver 

+     1 

Chloride  of  silver 

j[3-5 

+  4*5  chlorine 

Oxide  of  nickel 

■ 

3*25  nickel 

+     1  oxygen. 

If  we  reckon  the  specific  gravity  of  water  unity,  the  specific 
graTity  of  oxygen  gas  and  chlorine  gas  referred  to  water  is : 

Oxygen   .  .        0-0013723 

Chlorine  .        .        0*00308325 
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Of  oxides. 


• 

OXIDE& 

8|vgr. 

tioQ,  rappoting  no 
imoiiimifiiwi. 

pottavtho 

dMHttViO 

Protoxide  of  lead 
Red  lead    . 
Peroxide  of  lead 

9-277 
9-096 
8-902 

0H)19136 
0H)13068 
0-010261 

48-469 
69-605 
8&7M 

Peroxide  of  tin  . 
1 

6-97 

0-006342 

109-90 

Red  oxide  of  copper  • 
Black  oxide  of  do. 

6-093 
6-401 

OH)  12308 
0-006857 

49-61^    1 
93-47r   J 

Oxide  of  bismuth 

8-211 

0013674       60O49  J 

Black  oxide  of  mercury 
Red  oxide  of         do. 

10-69 
11-085 

0K)35590 
0K)18502 

30036  1 
69-913  1 

Oxide  of  silyer  . 
Chloride  of  do.  . 

7-143 
5-129 

0K)20158 
0-012436 

35-435  1 
41-343] 

Peroxide  of  nickel 

4-846 

0-005829       83-133  f 

The  last  column  of  this  table  enables  us  to  compare  the  i^ 
crease  of  density  which  these  combinations  undergo  with  9§C» 
other.  We  observe,  contrary  to  what  might  have  been  c^* 
pected,  that  the  density  increases  with  the  quantity  of  oiyg^ 
added.  This  holds  in  the  case  of  lead,  copper,  and  mercury.  X* 
held  also  in  the  case  of  sulphur,  in  the  former  table.  It  woul^ 
seem  then  to  be  a  general  law,  that  the  diminu^pn  of  vdioB^ 
increases  in  proportion  to  the  quantity  of  the  lightest  substanc* 
added  to  the  compound.  Yet  these  additional  doses  of  oi^gtf 
are  more  easily  expelled  by  heat,  than  the  portion  which  OOB* 
stitutes  the  protoxide. 

The  increase  of  density  differs  in  every  one  of  these  eiamplei. 
It  is  greatest  in  the  peroxide  of  tin,  and  black  oxide  of  copper, 
which  are  both  difficult  of  decomposition  by  heat ;  though  I 
have  converted  black  oxide  of  copper  into  red  oxide  by  an  in- 
tense heat.  The  most  easily  decomposed  oxide  in  the  taUe, 
is  the  black  oxide  ai  mercury,  and  its  increase  of  density  is  the 
least.     Red  oxide  of  mercury  resists  decomposition  better,  and 
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iti  increase  of  density  is  greater.    Oxide  of  silver  is  also  easily  ^^cot,  in. 
deoompoMd  by  heat,  and  its  increase  of  density  is  comparar 
firdy  low. 

We  ought  to  be  cautious  in  drawing  conclusions  from  such 
iiUes,  till  the  specific  gravity  of  the  metallic  oxides  be  deter- 
BiDedwith  more  precision  than  has  hitherto  been  done.  I 
We  observed  that  the  specific  gravity  of  black  oxide  of  copper 
iBcreases  the  oftener  it  has  been  exposed  to  a  red  heat.  The 
ttme  thing  perhaps  may  hold  with  the  other  oxides;  such  of 
tkm  at  least  as  may  be  exposed  to  such  a  process. 

8.  There  is  another  general  principle  respecting  the  specific  ^"^^JJ^'n^^ 
hat  of  bodies,  which  was  investigated  with  much  ingenuity  by  ofUquidUj. 
Dr  Irrine,  and  which  deserves  to  be  explained  in  consequence 
<f  tte  great  importance  attached  to  it,  and  the  many  ingenious 
flMoriea  founded  upon  it.  According  to  Dr  Irvine,  when  a  body 
^Vfes  its  state,  its  specific  heat  changes  at  the  same  time^ 
^k  changes  according  to  a  law,  which  may  be  thus  expressed 
-***heQ  a  solid  becomes  a  liquidj  its  specific  heat  increases^ 
^  a  Ugmd  becomes  an  elastic  fluids  its  specific  heat  in-< 
^^Biiea.  On  the  other  hand,  when  an  elastic  fluid  is  convert^ 
^bto  a  Uqmd,  its  specific  heat  diminishes^  and  when  a  liquid 
iconrerted  into  a  soUd^  its  specific  heat  diminishes. 

lam  not  aware  that  any  attempts  have  hitherto  been  made 
k  trtablish  the  accuracy  of  this  law,  except  in  the  case  of 
*Mer,  and  the  results  are  so  discordant  that  little  confidence 
^hepiaced  in  them.  Water,  as  is  well  known,  exists  in  three 
*lihi.  1.  That  of  a  solid,  when  it  is  called  ice.  2.  That  of 
•ifMd,  when  it  is  called  water.  And,  3.  That  of  a  gaseous 
■M^  when  it  is  called  sieam. 

(l«)  The  specific  heat  of  ice  has  been  determined  as 
HB«a^— 

By  Clement  and  Desorme  0*72 

By  Dr  Irvine         ....        0*8 
By  Avogadro         ....        0*92 


Mean  .        .  0*813 

(1)  The  specific  heat  of  water  is  1 . 
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Chap.  1.       (3.)  Tlie  specific  heat  of  steam: — 

By  Delaroche  and  Berard     .         .  0*8470 

By  Avogadro        ....  1-225 

By  Crawford        .         .         .         .  1*56 

Mean        ....         1-207 

Thes^  experiments,  the  best  we  have,  give  as  the  specific 
heat  of 

Ice  ...         0-813 

Water       .         .         .         1-000 
Steam       .         .         .         1-207 

The  law  then  holds  with  respect  to  that  substance.  But  »^ 
would  be  dangerous  to  generalize  farther,  till  it  has  beeo  d^' 
termined  experimentally  whether  the  rule  holds  in  other  siil>* 
stances  besides  water.  Sulphur,  and  such  of  the  volatile  «!• 
as  become  solid  when  exposed  to  moderate  cold,  might  b^ 
examined  without  any  insuperable  difficulty. 

SECTION  IV. — OF  THE  CELERITY  OF  THE  COMMUNICATION 

OF  HEAT. 

Heat  enters      1.  It  is  generally  admitted  that  heat  is  disposed  toent^^ 
bodies  with  into,  or  to  Icavc  the  different  kinds  of  matter  with  the  saiit^ 
yetoS^r     degree  of  celerity.     This  is  the  foundation  of  the  mode  of  4^* 
termining  the  specific  heat  of  bodies,  by  the  time  which  Hk^J 
take  in  cooling.     For  it  is  obvious,  that  unless  heat  sepira^ 
from  every  body,  with  the  same  celerity,  we  never  can  joAg^ 
of  the  quantity  of  heat  which  each  contains  under  the  saC® 
temperature  by  this  method.     But  if  heat  leave  every  bo^J 
with  the  same  celerity,  then  that  body  will  be  the  longest    ^^ 
cooling  which  contains  the  most  heat,  and  consequently  U^* 
the  greatest  quantity  to  lose.     In  this  way,  the  specific  hc^^ 
of  various  metals,  woods,  and  liquids,  have  been  determin^^ 
and  the  results  agree  with  experiments  made  in  a  differe^^ 
way.     So  far  as  we  know  at  present,  there  is  no  exception  *^ 
this  general  law. 
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2.  When  a  body  of  some  length  is  applied  to  a  source  of  Sect.  I  v. 
kit  by  one  extremity,  while  a  thermometer  is  attached  to  its  condaction 
other  extremity,  we  shall  find  that  a  certain  portion  of  the  ^^^\ 
lieat  will  pass  through  the  body  to  the  thermometer,  and  cause  bodies, 
it  to  rise.     When  heat  passes  in  this  way,  it  is  said  to  be  coit- 
tbcfo/  through  the  body.     Now,  if  we  try  various  substances 
in  this  way,  we  shall  find  a  great  difference  in  the  quantity  of 
heit  which  they  allow  to  pass.     Some  under  such  circum- 
itances  speedily  become  hot,  and  transmit  a  great  deal  of  heat, 
vhDe  in  others,  the  temperature  rises  comparatively  less,  and 
thej  transmit  less  heat  to  the  thermometer.     The  first  kind 
IR  said  to  he  good  conductors  of  heat;  the  second  kind  are  called 
W  conductors.     The  metals  are  the  best  conductors  among 
nfid  bodies.     Stones,  bricks,  and  earths,  are  much  inferior  in 
ffii respect;  and  liquids,  and  elastic  fluids,  when  their  particles 
St  prevented  from  moving,  or  when  their  mobility  is  greatly 
ictarded,  are  exceedingly  bad  conductors ;  but  they  are  good 
OQodactors  when  they  are  at  perfect  liberty  to  move  from  the 
hot  to  the  cold  body. 

There  b  a  sensible  difference  between  the  conducting  power 
tf  different  metals,  even  when  placed  as  nearly  as  possible  in 
tke  same  circumstances.     If  the  extremity  of  a  silver  wire,  a 
finches  in  length,  be  held  in  the  flame  of  a  candle,  the  other 
Cidioon  becomes  so  hot  that  it  burns  the  fingers;  whereas  a 
fiitiiuim  wire,  of  the  same  length,  may  be  held  in  the  flame  of 
tdndle  for  any  length  of  time' without  producing  that  effect. 
L  A  aethod  of  determining  the  relative  conducting  powers  of  Experi- 
[.:1k  metals  was  contrived  by  Dr  Franklin,  and  executed  by  Dr  i^^en-^ 
Jh^genhousz,  in  the  year  1780,  which,  though  it  does  not  give  ^"'^' 
Mjr  very  exact  results,  enables  us  at  least  to  form  some  notions 
4f  the  relative  intensities  of  each.     Wires  of  gold,  silver,  cop- 
,  fov  tin,  steel,  iron,  and  lead,  of  exactly  the  same  size  and 
Itigthj  were  fixed  at  equal  distances  in  a  piece  of  wood, 
throa^  which  they  passed  perpendicularly.     The  portion  of 
.tte  wires  above  the  wood  (which  was  the  most  considerable) 
vat  covered  with  a  coat  of  white  wax  by  dipping  them  in 
thed  wax.      That  part  of  the  wires  below  the  wood  was 
plunged  into  olive  oil  heated  nearly  to  212.o      That 


.  win  wu  ooiind«r«d  u  the  beit  con- 
doctor,  which  melted  the  wax  highest 
up.  TweWe  experiments  were  made. 
The  figure  in  the  margin  repreeente 
the  wirea  abore  the  wood  in  one  of 
these  experiments,  and  the  cross  lines 
show  how  high  the  wax  was  melted  in 
each.  In  all  the  experiments  the  wax 
was  melted  highest  up  on  the  nlrer 
wire,  next  highest  on  the  copper  wire, 
and  lowest  of  all  on  the  leaden  wire. 
In  the  others  it  Taried.  But  gold 
and  tin  seem  to  stand  next  to  copper, 
then  comes  iron,  and  then  steel. 

So  that,  according  to  these  experi- 
ments, the  conducting  power  of  the 
seven  metals  tried  is  in  the  following 
order: — • 

Silver, 
■Copper, 
Gold,  ) 
Tin,  5 
Iron,  7 
Steel,  5 


O  >   S  V  «    4    % 


But  the  most  interpstiog  set  of  experiments  on  this  aaljee 
has  been  made  by  M.  Desprotx.  He  employed  bars  of  ibi 
different  substances  of  the  same  site,  and  rorcred  with  a  amt 
ing  of  Tarnish.  One  of  the  ends  of  the  bar  was  heated  by  t 
lamp,  while  •  thermometer  was  applied  to  the  other.  TIs 
height  to  which  the  tbermometer  rose  after  the  lamp  bad  ex 
hausted  its  effect,  measured  the  conducting  powers  of  tk 
bodies.  The  fullowing  tabic  exhibits  the  conductinfc  powen 
of  the  various  substances  tried  by  Desprctx,  according  to  tb 
results  of  his  exporimenbi: — t 

*  JVmmOh  EiptritmeM,  par  Dr  In^ienhoim,  p.  380. 
t  Ann.  de  UUib.  ct  ie  Pbjk  lix.  97. 
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CoodocUog  powtr. 

S«jt.IV. 

Gold           ...      100 

Platinum 

98-1 

Silver 

97-3 

Copper 

89-82 

Iron 

37-41 

Zme 

36-37 

Tin 

30-38 

Lead 

17-96 

MarUe 

2-34 

Porcelain 

1-22 

Brick  earth 

M3* 

It  b  probable  that  this  difference  in  the  rate  in  which  heat 
through  bodies  is  connected  with  the  closeness  of  their 
or  at  least  with  the  contiguity  of  the  particles  of  which 


tby  are  composed.  A  set  of  experiments  made  by  MM.  Of  Deia- 
Ang.  Delariye  and  Alph.  de  CandoUe  corroborates  this  yiew  Decandoiu. 
rf  Ae  8al]ject.t  They  took  pieces  of  dry  wood,  about  5^ 
■dies  kng,  1^  inch  broad,  and  1  inch  thick.  At  about  1^ 
adi  from  the  extremity  of  these  pieces  of  wood,  a  hole  was 
knd,  reaching  to  the  centre  of  the  piece,  and  rather  more  than 
|di  bdi  in  diameter.  Five  such  holes  were  made  in  each 
{ieoe,  at  the  distance  of  rather  more  than  fths  of  an  inch  from 
ttdi  other.  Into  each  of  these  holes  was  put  a  little  mercury, 
''  iito  which  the  bulb  of  a  thermometer  was  plunged.  Over  the 
Wtnmj  was  strewed  a  little  lycopodium  powder,  to  prerent 
n&tioo  of  heat  from  the  mercury.  One  of  the  extremities 
tf  fte  piece  of  wood  was  inserted  in  a  case  of  tin  plate,  about 
fliof  an  inch  long,  so  as  not  to  cover  any  of  the  holes.  This 
^fttatos  waa  suspended  freely  in  the  air ;  and  a  spirit  lamp 
iflaeed  under  Uie  extremity  covered  by  the  tin  plate.  The 
waa  prevented  from  striking  against  any  other  part  of 
fti  wood  by  the  chimney  of  the  lamp,  and  by  pieces  of  glass 
fheed  vertically  between  it  and  the  wood,  which  were  care- 
Uf  renewed  whenever  the  heat  began  to  pass  through  them. 
On  was  taken  to  regulate  the  heat  so  as  to  prevent  all  risk 

^l^ttt^  Elementaire  de  Physique,  par  M.  Desprete,  p.  201. 
t  Aak  de  Chim.  et  de  Pbjs.  xl.  91. 
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<^*^  ^  of  injuring  the  texture  of  the  wood.  Some  of  these  piec^ 
wood  were  cut,  so  that  the  woody  fibres  extended  longitudin. 
or  in  the  direction  of  the  wood.  Others  were  in  the  cont 
direction,  so  that  the  length  of  the  piece  was  in  the  direc 
from  the  pith  to  the  bark  of  the  tree. 

The  heat  was  continued  in  each  case  for  about  a  quartc 
an  hour  after  all  the  thermometers  had  ceased  to  ascend, 
following  table  exhibits  the  rise  of  the  several  thermome 
in  these  experiments  above  the  temperature  of  the  roon 
which  the  experiments  were  conducted. 

I.  The  woody  fibres  being  longitudinal,  or  in  the  direct 
by  which  the  heat  flowed. 


Crataegus  mrim 

Nut  wood 

Oak 

Fir 

Poplar 


ifi 

tbcrm. 


80-13 
81-7 
84 
79-8 


45« 

43 

41*2 

39-25 

34-2. 


9d 

4U 

au 

UMIB' 

thttm- 

tk«m 

21^-2 

9*^-2 

4<>-4 

19^3 

9-19 

5-13 

17-5 

7-2 

3-7 

20-6 

8-5 

3-7 

14-2 

6-2 

2-8 

II.  The  heat  flowing  in  a  direction  opposite  to  that  of 
woody  fibres  or  across  them. 


C«niiffrad«  Tb«rBM 

i^iB^w^^r* 

N««orUi«woodi. 

IM 

1 

Id 

9d 

4th 

1 

tbcrm. 

tbcfB. 

13^-19 

SO 

Nut  wood 

37*^-43 

.3«-25 

Oak 

79-3 

•22-75 

7-5 

3-6 

2-4 

Fir 

70-9 

13-H 

4-5 

2-5 

'W 

Cork 

78-5 

13-75       3-44 

i-5r, 

1 

The  following  table  exhibits  the  height  to  which  the 
thennometcr  would  have  risen,  on  the  nupposition  that  the  I 
thermometer  in  erer}*  i-ase  rose  lOO^^  above  the  temperatun 
the  atmosphere. 

I.  Wocnly  fibres  longitudinal. 

CniUrpi^  aria 54*28 

Nut  winmI      ......         53.7 

Oak  50*5 
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Fir  47'62  Sect  IV. 

Poplar 42-91 

n.  Heat  flowing  across  the  woodj  fibres. 

Nutwood 37"59 

Oak  28-57 

Fir 19^ 

Cork  17-5 

This  table  would  give  the  relative  conducting  powers  of  the 
dfeent  woods,  if  their  specific  gravity  and  power  of  radiating 
kit  were  the  same  in  all.  But  this  not  being  the  case,  it 
Ards  only  an  approximation. 
'  In  general,  we  see  that  the  hardest  woods  conduct  heat  best ; 
tkoogh  this  is  not  accurately  true,  as  nut  wood  conducts 
nther  better  than  oak,  though  the  latter  is  the  hardest  of  the 
two. 

We  see  how  much  better  wood  conducts  heat  in  the  direction 

rf  tbe  woody  fibres  than  across  them;  and  this  difierence  in- 

cmses  with  the  badness  of  the  wood  as  a  conductor.     The 

eeodncting  powers  in  the  two  directions  may  be  represented 

wmj  Dearly  by  the  following  numbers : — 

Longitudinally.  AeroM  the  flbrec 

Nut  wood         .        .        5        .        .        3-46 
Oak  .        .        .        5         .         .        2-83 

Fir  .         .        .        5         .        .         2-05 

Tins  inferiority  in  the  conducting  power  of  wood,  when  the 
moves  perpendicularly  to  the  direction  of  the  woody  fibres, 
enable  us  to  explain  the  reason  why  the  temperature  in 
lie  interior  of  the  trunk  of  a  tree,  is  nearly  that  of  the  soil  from 
they  draw  their  nourishment. 
The  only  other  set  of  experiments  on  this  subject  with  Of  Dr 
I  am  acquainted,  was  made  by  Dr  Trail,  professor  of 


jorisprudence  in  Edinburgh,  on  various  liquids.  The 
iqfudM  under  examination  were  put  into  a  wooden  cylinder, 
inr  indies  long  and  two  inches  in  diameter.  A  delicate 
hemometer  was  fixed  so  that  its  bulb  was  in  the  axis  of  this 
jEnder,  at  some  distance  from  its  bottom.  An  iron  cylinder 
heated  for  15  minutes,  in  boiling  water,  and  then  intro- 
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Tlowom 

I^M^M  ' 

7' 

S'' 

H 

25 

8 

10 

46 

9 

50 

0 

15 

H 

u 

40 

a 

30 

8 

15* 

l^  duccd  through  a  hok^  in  the  lid  of  the  wooden  box,  ttU  i 
tremity  was  exactly  half  an  inch  from  the  bulb  of  the 
mometer.  The  time  which  the  thermometer  took  to  rise 
degrees  was  marked  by  a  stop-watch,  when  the  cylindei 
tained  different  liquids.  The  following  table  exhibit 
results  obtained : — 

Lifukta. 

Water 

CoVs  milk 

Proof  spirit 

Alcohol  (0-815) 

Oliyo  oil 

Mercury 

1  Sulphate  of  irou 

5  Water 

Saturated  Mdutioii  of  alum 

Ditto  of  sulphate  of  soda 

Solution  of  potash  (Pharm.  Ixind.) 

One  would,  at  first  sight,  be  disposed  to  conclude,  thi 
iiimicii  conducting  power  of  these  liquids  is  inversely  as  the 
iiqaidtd^  ncccssarv  to  causi^  the  thermometer  to  rise  three  dei 
tkcnpui-  Were  that  supposition  well  founded,  mercury  would  be  the 
and  alcohol  the  worst  conductor  of  all  the  liquids  tried, 
if  we  consider  the  way  in  which  the  experiments  were  i 
we  must  be  sensible,  that  the  rise  of  the  thermometei 
chiefly  influenced  by  the  changi*  of  density  productnl  i 
liquid,  by  augmenting  its  temperature.  Those  liquids,  ' 
specific  gravity  dimini!«hes  nuist  rapidly  when  heated, 
allow  the  least  heat  to  ]ia8s  through  them ;  because  the 
tides,  as  they  receive  heat,  would  ascend  most  rapidly 
surface.  Acconlingly,  alcohol,  which  undergoes  the  gr 
expansion  from  heat,  was  the  liquid  which  allowetl  the  h 
|Niss  downwards  most  slowly.  While  mcrcur}',  whose  d 
undergm^H  an  insignificant  augmentation  from  the  addit 
three  dei;reei«  of  heat,  allowed  the  heat  to  |)as!4  through  it 
morerapidly  thanany  of  the«»ther  liquids.  Tomakesatisfi 
ex|»eriments  on  the  conducting;  |>oHcrH  of  li(|uids,  it  woi 

*  NirholMin**  Jour.  lii.  13.1. 
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■eeessary  to  guard  against  this  mobility  of  their  particles,    Sect  iv. 
vhich  opposes  such  an  obstacle  to  the  downward  motion  of 
kat  through  them,  that  Count  Rumford  was  of  opinion,  that 
itpreyented  it  altogether,  till  the  contrary  was  shown  by  the 
operiments  of  Dr  Murray  and  my  own. 

Experiments  have  also  been  made  by  Dalton  and  Davy,  Paasago 
^on  the  time  that  a  thermometer  takes  to  cool  a  certain  throagh 
anrnber  of  degrees  in  different  gases.  ^*'**' 

The  following  table  shows  the  results :  the  first  column 
pTC8  the  time  a  thermometer  took  to  cool  15®  or  20®  by 
Dthon's  trials ;  the  second  column  the  time  a  thermometer 
tek  to  sink  for  each  gas,  from  160<>  to  106^,  in  21  cubic 
WiC8  of  each  gas  in  Dary's  trials  : — 


GaMs. 

Time  of  Cooling- 

Chlorine 

186" 

Carbonic  acid 

112" 

165 

Sulphuretted  Hydrogen 

100  + 

Nitrous  oxide 

100  + 

150 

Olefiant  gas 

100  + 

75 

Common  air 

100 

129 

Oxygen 

100 

107 

Aiotic  gaa 

100 

90 

Nitrous  gas 

90 

.— 

Gm  firom  pit  coal 

70 

55 

Hydrogen  gas 

40* 

45t 

/  Aeid  two  columns  do  not  agree  very  well  with  each  other, 
(Mlf  probably  to  diversities  in  the  mode  of  cotlducting  the 
ikb;  but  we  se^  in  general,  that  bodies  cool  slowest  in  the 
kMiwty  and  most  rapidly  in  the  lightest  gases.  It  is  obvi- 
lllliat  the  rate  of  cooling  depends  chiefly  upon  the  mobility 
Fife  gaseous  particles.  The  process  is  different  from  the 
■inetion  of  heat  by  solid  bodies. 

Mr  Graham  has  shown,  by  a  set  of  very  decbive  experi- 
that  the  mobility,  or  the  rate  of  difi\ision  of  different 
upon  which  the  rate  of  cooling  in  them  obviously  de- 


•  Dalton's  New  System  of  Chem.  i.  II7. 
t  Phil.  Trtuis.  1817,  p.  60. 
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3-83 

3-7947 

0 

1-344 

1-3414 

0 

1-0191 

1-0140 

0 

1-0149 

1-0140 

0 

1-0143 

0O140 

0 

0-9487 

OiH87 

1 

0-95 

0-9204 

1 

0-82 

0-8091 

1 

0-R12 

0-8091 

1 

0-68 

0-6708 

2 

lUtoftt 
whidite. 
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pends,  is  inversely  as  the  square  root  of  the  specific 
of  each  gas.  The  following  table  exhibits  the  resu 
experiments  compared  with  theory  : — 

Male  or  DIflWoQ. 

]  Byi 

n 

Hydrogeu 

Carhuretted  hydroja^n' 
Olefiaiit  gas 
Carbonic  oxide 
Asotic  gas 
Oxygen 

Sulphuretted  hydnigen 
Protoxide  of  azote 
Carbonic  acid 
Sulphurous  acid 

3.  Heat  is  communicated  from  hot  bodies  to  coldei 
much  the  greater  celerity  the  greater  the  difference 
the  temperature  of  the  two  bodies  is.  Hence,  whei 
ball  is  heated  to  redness  and  suspended  in  the  air,  i 
Tery  great  deal  of  heat  during  the  first  few  instants 
quantity  lost  in  an  instant  diminishes  at  a  great  ra 
ball  approaches  the  temperature  of  the  air  in  wh 
suspended. 

Sir  Isaac  Newton  was  of  opinion,  that  the  quai 
heat  lost  in  given  small  times,  are  proportional  to  tl 
of  heat  remaining  in  the  hot  body,  or  to  the  difference 
its  temperature  and  that  of  the  air ;  and  therefore, 
quantities  of  heat  lost  in  equal  divisions  of  time  con 
series  of  proportionals,  or  form  a  geometrical  pro; 
From  a  set  of  experiments  on  the  cooling  of  mere 
water,  published  in  1750,  by  Richmann,*  it  appears 
Newtonian  law  holds  pretty  nearly  at  as  high  temper. 
120^.  But  beyond  that  point  the  verification  does  i 
ti>  have  been  attemptedf 

*  Novi  Conmcntarii  Acad.  Scion.  Imper.  Petropul.  torn.  iii. 

f  NoYi  Comneiit.  Acad.  Scient.  lio|»endiii  Petropulitaiur, 
From  RichmaDn't  experimenu  in  this  paper,  on  the  rate  of 
wnter,  merctirj,  alcohol,  nsphthi,  oil  of  turpentine,  and  linie 
night  ha«e  deduced  the  diffrrence  in  thi*  tpccific  beat«  of  bw 
thit  idea  duct  not  K-em  to  ha«v  occurred  to  him. 
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Br  Martine,  of  St  Andrews,  in  an  Essay  on  the  Heating    Sect  iv. 
widCoolmg  of  Bodies,  published  in  1739,  showed  that  the  Exp^ru 
Newtonian  law  is  not  strictly  accurate  even  at  pretty  low  MarUne. 
toperatures ;  and  that  if  it  were  so,  bodies  would  take  an 
nfimte  time  to  cool  down  to  the  temperature  of  the  surround- 
ing medium.     He  endeavoured,  both  from  a  number  of  expe- 
WBeate  made  by  Muschenbroek,  and  by  some  of  his  own,  to 
Aovthat  the  decrements  of  heat  were  partly  equable  and 
firtly  in  proportion  to  the  subsisting  heats.     But  the  bodies 
e^wrimented  on  were  never  raised  to  a  higher  temperature 
4in  112o — a  point  too  low  to  enable  him  to  deduce  the  true 
•t  of  cooling.     Yet  Dr  Martine  had  the  merit  of  first  point- 
■g  out  the  inaccuracy  of  the  Newtonian  law. 

Erzleben  demonstrated,  by  decisive  experiments,  in  a  disser-  P^^"^*" 
WoD  published  in  the  eighth  volume  of  the  Nova  Commen- 
Wi  of  the  Gottingen  Society,  that  the  deviation  of  the 
KBVtonian  law  from  the  truth  increases  rapidly  as  the  tem- 
imtore  increases,  and  that  we  should  fall  into  very  great 
MtB  if  we  extended  the  law  much  beyond  the  temperatures 
>t  which  it  has  been  verified. 

H.  De  Laroche,  of  Geneva,  in  a  paper  on  some  properties  Of  Dda- 
rfndiant  heat,  published  in  1 8 1 2,  *  pointed  out  the  same  de vi-  "^  ** 
wi;  though  he  does  not  seem  to  have  been  aware  of  the 
purions  experiments  of  Erxleben.  From  his  experiments  it 
^"Mid  appear,  that  the  Newtonian  law  holds  tolerably  near 
*^  taqperatures  below  2i2<',  but  the  error  increases  as  the 
^perature  augments,  and  at  last  becomes  very  great. 

The  prize  dissertation  of  Dulong  and  Petit  on  the  measure  Of  Duioog 
[*hBperattire,  and  the  laws  of  the  communication  of  heat,  ^ 
[fWJBhed  in  1818,  contains  an  elaborate  investigation  of  the 
[**  of  eooUng.  From  their  experiments,  it  b  sufliciently 
:Moii8|  that  at  temperatures  above  212^,  the  rate  of  cooling 
■rito  enormously  from  the  Newtonian  law.  The  exhibi- 
[inof  a  single  set  of  their  experiments  will  be  sufficient  to 
[■MisUote  this.     The  following  table  exhibits  the  rate  of 

Aig  of  a  mercurial  thermometer  in  a  vacuum  :   the  first 

*  Aonals  of  Philosophy,  ii.  100. 
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Chap,  r.  column  represents  the  temperature  according  to  the  centi- 
grade scale ;  the  second  column  gives  the  degrees  of  heat  loit 
per  minute  at  the  corresponding  temperatures,  supposing  the 
rate  of  cooling  for  a  minute  to  be  equable : — 

240^ 10*'69 

220 8-81 

200 7-40 

180 6-10 

160 4-89 

140 3-88 

120 3-02 

100 2-30 

80 1-74 

Were  the  Newtonian  law  accurate,  the  velocity  of  coolii( 
at  200""  ought  to  be  twice  that  of  lOO^:  we  see  from  tl» 
table  that  it  is  more  than  thrice.  The  velocity  of  cooUng  ^ 
240o  ought  to  be  thrice  that  at  80^ :  we  see  from  the  tibk 
that  it  is  more  than  six  times  as  great.* 

I  shall  now  endeavour  to  state  the  principal  facts  respeetiBg 
the  cooling  of  bodies.  For  our  knowledge  of  them  we  tfQ 
almost  entirely  indebted  to  the  dissertation  of  Dulongtod 
Petit,  which  has  been  just  referred  to. 

(1  •)  When  a  body  cools  in  a  vacuum,  the  heat  which  it  biei 
is  owing  entirely  to  radiation.  When  it  cools  in  any  kind  « 
air,  the  process  goes  on  more  rapidly,  because  the  quantitjv 
heat  radiated  is  the  same  as  in  vacuo,  while  an  additiow 
quantity  of  heat  is  conducted  away  by  the  air  or  gas. 

(2.)  The  rate  of  cooling  of  a  liquid  confined  in  a  vessel*  tf 
not  altered  by  the  size  nor  by  the  shape  of  that  vessel, 
i-aw  of  (3.)   The  velocity  of  cooling  of  a  thermometer  in  vaflW^ 

for  a  constant  excess  of  temperature,  increases  in  a  geo9^ 
trical  progression,  when  the  temperature  of  the  surrounfiof 
medium  increases  in  an  arithmetical  progression.  The  ritv 
of  this  geometrical  progression  is  the  same,  whatever  be  the 
excess  of  temperature  considered.  The  truth  of  this  law  viD 
be  evident  from  the  following  table : — 

*  Annals  of  Philosophy,  xiii.  242. 
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Yelodtyor 

oooUng 
Water  at  0^. 


10*»-69 
8-81 
7-40 
6-10 

4-89 
3-88 
3-02 
2-30 
1-74 


Ditto 
Water  at  20O. 


12-40 
10-41 
8-58 
7-04 
5-67 
4-57 
3-56 
2-74 

1-99 
1-40 


Ditto 
Water  at  40°. 


14-35 
11-98 
10-01 
8-20 
6-61 
5-32 
4-15 
3-16 
2-30 
1-62 


Ditto 
Water  at  60^, 


11-64 

9-55 
7-68 
6-14 
4-84 
3-68 
2-73 
1-88 


Ditto 
Water  at  80°. 


13-45 
11-05 

8-95 

7-19 
5-64 

4-29 
3-18 
2-17 


Sect.  IV. 


If  we  compare  the  five  last  columns  of  this  table  with  each 
<Aer,  we  shall  find  that  the  mean  ratio  is  1*161. 

In  general,  this  geometrical  progression  requires  to  be  dimi- 
■died  by  a  constant  quantity,  in  consequence  of  the  heat 
■dated  back  to  the  hot  body  from  the  walls  of  the  vessel  in 
*kidi  it  is  cooling. 

(4*)  When  a  body  cools  in  vacuo,  the  tune  of  cooling  is 
Steially  influenced  by  the  nature  of  the  surface  of  the  hot 
Mf  I  those  bodies  cooling  soonest  which  radiate  best  But 
lii  diffisrence  does  not  affect  the  law  of  cooling  in  vacuo. 

(5.)  When  a  body  cools  in  any  gas,  the  same  portion  of  its  CommonU 
kit  18  carried  off  by  radiation  that  would  be  dissipated  if  it  heat  de- 
Hre  cooling  in  a  vacuum.     Another  portion  is  conducted  off  [he  extent 
If  ike  gas.     This  last  portion  is  not  affected  by  the  nature  of  ^„'^£j^ 
knir&ce  of  the  hot  body.     It  depends  upon  the  conducting 
fover  of  the  different  gases. 

i  The  celerity  with  which  heat  is  communicated  from 
ktter  bodies  to  colder  ones,  when  all  other  things  are  equal, 
*Foportional  to  the  extent  of  contact  and  closeness  of  com- 
'^Beition  between  the  bodies. 

Bvery  person  b  disposed  to  admit  thb  law  from  general 

'^^sicQce.     It  is  obvious  enough,  that  if  we  have  two  cubes 

^  tvo  spheres  of  iron,  if  we  heat  one  of  each  sort  and  lay  it 

tt  die  other,  the  heat  wbuld  be  communicated  much  feister 

■B^the  hot  cube  to  the  cold  one,  than  from  the  hot  sphere 

'^Ae  cold  one. 

when  the  masses  which  we  compare  are  of  the  same  shape. 
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Chap.  I.  but  differ  only  in  size,  the  smaller  will  cool  in  a  shorter  ti 
than  the  larger.  Suppose  two  cubes  of  gold,  the  one  1  in 
in  diameter,  and  the  other  2.  The  smaller  cube  will  o 
sooner  than  the  larger,  if  both  be  placed  in  the  same  cifci: 
stances ;  because  the  surface  of  the  larger  cube  is  onl j  f* 
times  greater  than  that  of  the  smaller,  while  the  quantitj 
matter  in  it  is  eight  times  greater. 

This  general  principle  enables  us  to  see  why  heat  paa 
Tery  slowly  through  those  bodies  which  have  a  rough  a 
spongy  texture.  Wood  transmits  heat  more  slowly  than  me 
on  this  account.  Cork  still  more  slowly  than  wood.  Wo 
feathers,  or  furs,  exceed  even  cork  in  the  slowness  with  wU 
heat  passes  through  them.  It  is  indeed  true  that  the  iiit« 
stices  of  these  bodies  arc  filled  with  lur ;  but  as  this  fluid 
in  a  state  of  stagnation,  and  the  particles  at  some  distas 
from  each  other,  it  gives  little  assistance,  or  rather  offers 
strong  resistance  to  the  transmission  of  heat.  This  is  t 
reason  why  such  materials  are  so  effectual  in  keeping  c 
bodies  warm  in  cold  weather.  They  may  be  equally  employ 
to  prevent  heat  from  entering  into  bodies.  If  we  wish  to  pi 
vent  a  lump  of  ice  from  melting  in  a  warm  place,  we  cam 
do  better  than  wrap  it  in  plenty  of  flannel  or  furs,  or  the  li 
materials,  which  produce  tiie  wished-for  effect,  by  retardi 
the  communication  of  heat  to  the  ice  from  the  air  and  1 
other  bodies  in  the  neighbourhood. 
Flaldt  This  retardation  of  the  communication  of  heat  does  i 

tnuwflilt 

Imm  more  take  place  in  fluids  e<|ually  as  solids.  Fluids  receive  be 
tSui  wiidt.  An^  transmit  it  generally  more  rapidly  than  solids.  Of  t 
we  have  an  obvious  4*xaui|>le  in  the  air :  which,  though  vi 
rare  and  light,  cmkiU  bodies  exiK>sed  to  it  very  fast.  Whrc 
hot  body  i»  plunginl  into  wattT,  it  cools  much  sooner  than 
would  do  if  plung4Ml  into  a  mi\M  n(  siuid  or  iron  filings.  T 
difference  is  owin^  to  the  <>asy  uiobility  of  the  {larticles 
Am4  nil}-,  fluids.  When  any  {Mirtion  of  a  fluid  receives  h<*at,  it  bectm 
ii]MH*ifirally  lighter,  nnd  of  course  ascends :  another  |Mmioo 
cold  fluid  supplies  it.-*  placts  i»  heated  in  its  turn,  becoa 
diUtotl  and  ascnul.*'  ;  and  this  riMiewal  of  cold  iMirticli*s  willci 
tinue  till  the  tcni|H*ratun*  of  th<>  hot  ImhU  i^  >ufBcienth  reduc* 
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Tltt*  ascendiDg  motion  of  air,  when  a  lump  of  red  hot  iron  Sect.  iv» 
■mpended  in  a  room  to  cool,  becomes  evident  when  we  hold  ^{r  be. 
wfcand  perpendicularly  over  the  iron  at  some  distance  above  ^^^^^' 
\  *^  Heit,  by  rarefying  air,  and  thereby  producing  a  motion  ucend. 
■itiismore  quickly  and  equably  dispersed  through  it,  than 
Anogh  solid  matter.     Were  air  destitute  of  this  property, 
Alt  portion  of  it  nearest  the  surface  of  the  earth  would  soon 
mme  unfit  for  breathing,  and  would  prove  destructive  to 
d  the  inhabitants  of  our  planet.     It  is  the  mobility  and  ex- 
fiMShility  of  air  that  preserves  it  in  a  state  fit  for  living 
Wngj. 
fist  there  is  a  circumstance  which  at  first  sight  seems  in- 
^BlBitent  with   this  property  of  air,  and  which   therefore 
^^inrei  to  be  explained ;  I  allude  to  the  unequal  distribution 
*f  tOBperature  in  the  atmosphere.     The  part  of  the  atmo- 
4^^  contiguous  to  the  surface  of  the  earth  is  known  to  be 
Mluit.    As  we  ascend  to  a  more  elevated  region,  the  air  ffets  Lineofptr- 
. dUer  and  colder ;  till  at  a  certain  height  above  the  level  of  geiaUon. 
[^  lea,  even  in  the  torrid  zone,  we  come  to  the  region  of 
^fiipetnal  congelation.     The  summits  of  the  Andes,  some  of 
ire  elevated  more  than  21 ,000  feet  above  the  level  of  the 
'^  are  perpetually  covered  with  snow,  even  under  the  equa- 
The  Himalaya  mountains  are  higher,  and  lie  to  the  north 
tropic  of  Cancer ;  we  need  not  be  surprised,  therefore, 
tbdr  summits  are  covered  with  eternal  snow.     As  we 
firom  the  equator  towards  the  poles,  the  line  of  per- 
snow,  which  at  the  equator  is  elevated  14,760  feet 
re  the  level  of  the  sea,  gradually  approaches  nearer  the 
tin  in  latitude  TO^  it  is  only  2,834  feet  above  the  level 
sea.     The  following  diagram  will  give  a  better  idea  of 
>ite  at  which  this  height  declines  than  could  be  obtained 
■emost  elaborate  description  : — 
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The  surface  of  the  earth,  instead  of  a  quadrant  of  a  circle,  Sect,  iv. 
which  is  nearly  its  true  form,  b  represented  as  a  straight  line 
on  which  the  degrees  of  latitude  are  marked,  beginning  at  the 
line  and  proceeding  to  N.  latitude  71^*5  on  the  North  Cape. 
The  perpendicular  height  above  the  surface  of  the  earth,  repre- 
senting the  limit  of  perpetual  congelation,  is  exaggerated  about 
1000  times. 

From  inspecting  this  diagram,  it  will  be  evident  that  the 
mow  line,  though  connected  with  the  latitude,  is  not  abso- 
faitely  regulated  by  it.  Thus,  in  the  Caucasus,  in  about  lati- 
tude 42^^  N.,  the  snow  line  is  situated  about  1 1,084  feet  above 
the  level  of  the  sea ;  while  in  the  Pyrenees,  under  the  same 
latitude,  it  is  only  8400  feet.  In  the  Alps,  it  is  8220  feet 
aboTe  the  level  of  the  sea ;  while  in  the  Carpathian,  though 
ntnsted  a  little  farther  north,  it  is  8526  feet  or  326  feet  higher. 
In  Norway,  in  latitude  67^,  it  is  3835  feet  above  the  level  of 
the  sea ;  while  in  Iceland,  in  latitude  66^,  it  is  only  3084. 

These  apparent  anomalies  are  easily  accounted  for.  Where- 
ever  an  extensive  table-land  occurs,  its  effect  becomes  mani- 
fest upon  the  atmosphere,  and  elevates  the  line  of  congelation 
considerably.  Thus  Mexico  constitutes  a  table-land,  elevated 
about  8000  feet  above  the  level  of  the  sea :  the  consequence 
is,  that  the  snow  line  is  only  660  feet  lower  than  under  the 
equator*  Thb  is  the  reason  why  the  snow  line  is  so  high  in 
the  Himalaya  mountains. 

Wherever  extensive  glaciers  are  formed,  they  have  a  tend- 
ency to  sink  the  temperature  of  the  country,  and  by  gradually 
creeping  lower  down,  they  depress  the  line  of  congelation  in 
that  place  :  hence  the  reason  why  the  line  of  congelation  is 
fewer  in  the  Alps  than  the  Carpathians.  In  the  Dofirines, 
there  are  glaciers  in  one  place  only  :  hence  the  reason  why 
die  line  of  congelation  is  higher  in  Norway  than  in  Iceland. 
Various  methods  of  calculating  the  height  of  the  line  of  con- 
gelation have  been  proposed  by  ingenious  philosophers  of  our 
ovn  time ;  but  it  is  obvious  that  no  general  rule  can  apply  to 
an  cases. 

Nowy  if  lur,  the  moment  it  is  expanded  by  heat,  begins  to  5jJfl*|J^i 
ascend  to  a  higher  part  of  the  atmosphere,  and  if  it  continue  increMct  * 

*^  *  with  its  To- 

lume. 
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Chap.:  I.  to  rise  till  it  come  to  air  of  the  same  density  with  itself,  how 
are  we  to  account  for  this  regular  diminution  of  heat,  as  we 
ascend  ?     It  would  appear  at  first  sight,  that  the  higher  parts 
of  the  atmosphere  ought  to  be  as  hot,  if  not  hotter,  than  those 
portions  near  the  surface  of  the  earth.     The  reason  why  this 
is  not  the  case,  is  that  the  specific  heat  of  air  increases  in  pro- 
portion as  its  volume  increases.     But  it  is  well  known,  that 
the  higher  from  the  surface  of  the  earth  any  portion  of  the  air 
is,  the  greater  is  its  volume ;  for  the  volume  of  air  is  always 
inversely  as  the  pressure  upon  it.     At  the  surface  of  the  sea, 
the  incumbent  air  is  pressed  upon  by  the  whole  atmosphere 
ait>ove  it.     As  we  ascend,  the  air  is  pressed  upon  by  all  the 
portion  of  atmosphere  above  it,  while  the  portion  below  ceaaei 
to  have  any  action  on  it.     The  density  of  air  continually  de- 
creases as  we  ascend  in  the  atmosphere,  and  of  course  its  bulk 
continually  augments.    The  rate  at  which  this  augmentation  of 
•volume  takes  place  will  be  obvious  from  the  following  taUe: — ^ 


Deiuity. 

Volume. 

HclgfakorBmMUV. 

1 

I 

SOinches- 

i 

2 

15 

i 

4 

7-5 

h 

8 

3-75 

^ 

16 

1-875 

3*3 

32 

0-937S 

If'* 

64 

(HesT-^ 

Height  In  miles  Air. 

above  the  aee. 

0 

2-705 

5-41 

8-115 
10-82 
1 3-525 
16-23 

We  see  that  when  the  height  increases  in  an  arithmeti^5*J 
ratio,  the  volume  increases  in  a  geometrical  ratio. 

Now,  it  has  been  experimentally  ascertained,  that  as  fcl^^ 
volume  of  air  increases,  its  specific  heat  augments  in  the 
proportion.     If  a  receiver,  standing  over  the  plate  of  an 
pump,  and  having  a  thermometer  suspended  in  it,  be  exhausted 
the  thermometer   suddenly  sinks  a  few  degrees,   and  tb^ 
gradually  rises  again,  till  it  acquires  the  temperature  of  tbtf 
room  in  which  the  air-pump  stands.     When  the  air  is  agS0 
let  into  the  receiver,  the  thermometer  as  suddenly  rises  a  few 

*  When  the  barometer  (at  32°)  falls  0*001  inch,  it  indicates  anelevatiot 
of  0*954  feet ;  so  that  the  elevation  of  1  foot  eauscs  the  barometer  to  fiA 
(at  32°)  O'OOlOo  inch,  accordin;^  to  the  experiment  of  General  Roy. 
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,  and  then  subaiiles  again.      Mc  Dalton  concluded  _ 
s  obaervtttionB,  that  the  true  elevatioa  of  the  thermo- 
Ib  admitted  into  an  exhausted  receiver,  is  50°. 
I  he  does  not  inform  na  how  far  the  exhaustion  was 
Hed  in  his  experiments,  we  can  draw  no  concluaions  from 
\  ingenious  deductions.     Professor  Leslie,  of  Edinburgh, 
Be  a  very  ingenious  set  of  experiment*  on  this  subject, 
icli  it  will  be  proper  to  state. 
e  employed  an  excellent  air-pump,  and  a  glass  receiver  n 
e  very  largest  dimensions,  and  approaching  somewhat  to  ii 
Itpherical  form.     A  very  delicate  thermometer  was  sus-''' 
d  TCrticnlly  a  few  inches  above  the  plate  of  the  air-pump, 
-fifth  of  the  air  of  the  receiver  was  exhausted,  and  the 
ratus  left  at  liberty,  till  the  enclosed  thermometer  had 
d  the  lemperaturt-  of  the  room.     The  stop-cock  was 
D  suddenly  opened,  and  the  air  allowed  to  return  into  the 
ttTer.    The  thermometer  rose  very  rapidly  three  centesimal 
ileRreei,  from  which  point   it  afterwards  slowly  descended. 
Two-tifihs  of  the  air  were  then  exhausted,  and  the  experiment 
■I'pcileii.     In  like  manner  the  rise  of  the  thermometer  was 
'  'j«cr«ed  when  three-fifths  of  the  air.  four-fifths,  and  Iggdths 
"'■re  exhausted  and  allowed  to  return  suddenly  into  the  ro- 
'-'▼ET.     The  following  table  shows  the  results  : — 


» 

i 

m 

Pfiefore  any  conclusion  could  be  drawn  from  these  experi- 

Si  it  was  necessary  to  know  what  part  of  the  heat  was 

d  <m  the  sides  of  the  receiver.     To  be  able  to  form 

K  idea  of  this,  the  experiments  were  repeated  with  another 

»*er  of  the  same  shape  as  the  former,  but  of  only  half  the 

The  following  table  exhibits  the  results  : — 


1 10  HEAT. 

Ckap,  I.  KartftcUw.  MMoTUiwa. 

^  ...  1®*8  centigrade 

J  ...  3-2 

J  ...  4-2 

J  .         .         .  4H 

128         ...       5 

These  new  quantities  obviously  follow  the  same  progression  : 
the  former.  Thoy  are  in  fact  each  fthtf  of  the  former  numlier 
Now,  the  smaller  receiver  having  under  the  fourth  part  of  0 
surface  of  the  larger  only  the  eighth  part  of  its  contents,  e 
poses  comparatively  twice  the  extent  of  surface :  hence  tl 
rise  of  temperature  which  takes  place  in  its  included  air  mu 
be  the  same  as  would  have  liappened,  if,  while  its  capacity  r 
mained  the  same,  the  surface  of  the  first  receiver  bad  htt 
exactly  doubled. 

Mr  Leslie  very  ingeniously  supposes  that  the  air  holds  of 
part  of  the  heat,  while  two  ]>arts  and  four  parts  are  respe- 
tively  expended  on  the  inside  of  the  receivers.  If  we  adm 
this  conjecture,  the  results  correspond  accurately  with  ohse 
vation ;  for  the  air  in  the  large  receiver  would  retain  on 
third,  and  in  the  small  one-fif^h  of  the  whole  heat  evolved,  u 
the  rise  of  temi>erature  in  the  two  sets  of  exiierimenta  won 
be  as  5  to  3,  as  was  actually  the  case.  If  we  multiply  the  ri 
of  the  first  thermometer  by  3,  we  obtain  the  true  quantity 
heat  evolved,  as  in  the  foUowing  table  : — 

lUrvCietioii.  HiMof  tbovL 

^  ...  9^  centigrade 

f  ...       ir, 

^  •  .  *  A  ■ 

J  ...         24 

m      ...    25 

But  these  numbers  cannot  indicate  the  heat  CTolved  bv  i 

• 

storing  the  usual  denj*ity  to  ihi*  whole  air  in  the  receiver. 
the  first  experiment,  (inly  }ths  of  the  air  in  the  receiver  v« 
rt*8tored  to  the  usual  density ;  for  the  jth  admitted  had  \ 
really  the  density  of  the  external  air.     In  the  second  expe 
ment,  Jths  of  the'air  were  restored  to  their  usual  deiuity  ; 
the  third  jths,  in  the  fourth  }th,  and  in  the  fifth  yoo^^'^* 
«»l>tain  the  true  numbers  we  must  add  },  ^,  J,  |,  and  III  fi 
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Ill 


Dearirely  to  each  number.     We  obtain  the  true  heat  evolved  Sect  iv. 
u  follows : — 


RafcAMrtSon. 

Riie  of  therm. 

i 

11^*25  centigrade 

i 

26-6 

1 

52-5 

t 

120 

m 

7500 

Thus  according  to  the  experiments  and  hypothesis  of  Leslie, 
iko  air  of  the  following  densities  is  restored  to  its  original 
lenity  represented  by  1,  the  heat  evolved  is  as  follows : — 

OMltyortbeair. 
1- 

0-8 
0^ 
0-4 
0^ 


0-0003 


HetterolTed. 

0^       Fahrenheit 
20-625 
48- 
94-5 
216 


13500 


Now,  this  evolution  of  heat  is  obviously  owing  entirely  to 
ibunution  of  the  specific  heat  of  the  air  by  condensation, 
■iiobnous  that  there  must  be  a  corresponding  increase  of 
9^c  heat  from  rarefaction. 

let  4  denote  the  density  of  the  air,  then  46  (t — ^J  willde- 

Me  the  heat  evolved,  when  the  density  is  reduced  to  unity ;  * 

*  It  win  be  proper  to  explain  how  this  formula  was  obtained  by  Bfr 


Let  A  F  be  a  portion  of  a  para- 
rii»  hafing  B  F  for  its  axis,  and 
.  B  Ibr  an  or^nate ;  and  let  A  B 
:B  F.  DiYide  the  ordinate  A  B 
iiife  eqoal  parts,  representing 
I  ife  eqoal  divisions  of  the  nier- 
dU  eobnnn  corresponding  to  the 
nties  of  the  air  repre- 
in  the  first  column  of  the 
b  given  in  page  109.  From 
h  cf  ibeae  diiisions,  raise  per- 
CD,  parallel  to  BF, 
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Chap.  1. 


HEAT. 

or  if  the  air  be  condensed,  then  45  f  ^ — -  j  will  denote  the 

cold  evolved,  when  the  air  is  rarefied  to  1.     Let  it  be  re- 
quired to  determine  by  thb  formula,  how  much  heat  is  evdved 

and  meeting  the  ciirve.  Then,  if  B  C  be  the  density  of  the  remainiiy  m, 
the  rise  of  temperature  is  exhibited  by  C  D.  For,  from  the  nature  of  At 
curve,  (2  A  B— A  C)  A  C  =  C  D  X  P,  (the  parameter,  which  is  aqul 
to  B  F).     But  A  B  was  made  =  5,  and  B  F  =  50y  the  ultimate  rise  d 

the  thermometer.     Whence  C  D  =  (^0— A  C)  A  C      y^^^  ^  ^ 

o 

sitj  is  f,  A  C  =  3,  and  C  D  becomes  4*2,  as  in  the  table  (page  ICQi 

The  conformity  of  the  numbers  in  the  table,  with  the  abscisses  of  the  put* 

bola,  is  therefore  evident. 

It  was  remarked  in  the  text,  that  the  two  tables  exhibited  in  ptgv  Itt 
and  110  are  to  each  other  as  5  to  3.  In  these  two  sets  of  ezperuMrts 
the  different  sizes  of  the  receivers  only  affect  the  experimental  resohi  hf 
the  different  ratios  between  their  surfaces  and  contents ;  nnoe  in  oihsr  !•■ 
spects,  as  the  proportion  is  the  same,  the  temperature  must  be  nnaffiwlit 
the  quantity  of  air  and  the  heat  developed  being  always  in  the  same  |V^ 
portion.  Let  then  x  :=  number  of  additional  degrees,  to  which  the  M 
absorbed  by  the  largo  glass  would  raise  the  temperature  of  the  vr,  up- 
posing  the  corresponding  quantity  of  developed  heat  actually  nodmiW 
the  sdr  =  1.  Then  the  temperature  to  which  the  included  air  would  biw 
risen,  had  the  glass  not  affected  it,  is  to  the  actual  rise  as  1  -|-  « :  1* 

Again,  since  in  the  glass  with  the  smallest  diameter,  the  relative  eM 
of  it  is  twice  as  great  as  that  of  the  glass  with  the  large  diameter ;  heifift 
in  it,  if  the  air  absorb  1,  the  glass  will  absorb  2  x  of  heat.  So  thtttbe 
total  heat  will  be  to  the  actual  rise,  as  1  -|-  2  x :  1.  But  in  the  two selirf 
experiments,  the  actual  rise  of  the  thermometer  is  as  3  :  5  ;  3,  bdog  the 
rise  in  the  smaller,  and  5,  in  the  large  receiver.  Therefore,  8  (1  +  ^  '^ 
=  heat  actually  evolved  in  the  small  receiver,  and  5  (1  -f-  x)  =  heitJ^ 
tually  evolved  in  the  large ;  supposing  the  receivers  not  to  have  abiofbei 
any.  But  the  circumstances  of  the  two  experiments  being  abaolutely  Ih* 
same,  these  two  quantities  must  be  equal.  We  have  therefore  3  (1  4*  ^  ') 
=:  5  (1  -f-  x) ;  or  X  =  2.  Hence  the  whole  heat  evolved  in  the  ■■>» 
receiver,  was  five  times  the  rise  of  the  thermometer ;  and  in  the  liipi 
thrice  that  of  the  rise  of  the  thermometer ;  or  the  true  rise  is  indicated  bj 
the  following  table : — 

i  ...  9®  centig^rade 

16 
21 


3 
3 


Extreme 


24 
25 
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Hi9  density  of  air  is  doubled.  Here  5  =  2.  The  for-  i 
bccoinea  45  (2 — ^)  or  45  X  l-5=67"-5  Fahrenheit. 
the  heat  evolved,  when  air  is  i-ondensed  30  times. 
*=30,wehave45(30— 5^)  =  45  X  29-966  =  1348°-S. 
us  apply  this  fonnula  to  the  diniinution  of  heat  as  we 
in  the  atmosphere.  Id  an  observation  by  Lasius,  the 
iter  at  GosUr  stood  at  29'5  inches,  and  at  the  lop  of 

A  G  be  port  of  a  paraboii   ^d 

«,  G  B  the  absdu,  Bod  A  B 

Staiv.     UiviiU'   A   B  into 

nbor  of  equiil  [nu'U.  tlien  if 

I  the  ilnuilj  of  the  tur,  and 

S,  &c.  any  other  denutic*, 

4,  P  3.  will  represent  the 

thermometricBl  rises 

rlj  eiplainpd.   But  it  must 

i.  thftt  theie  rises  are 

actually  evolved,  only 

lt«  ur  i*  Buffered  to  rcgun 

dcnatiy.     And  as  the  cd- 

'  air  for  heat  is  iiirersi^ly 

dty,  these  results  must  be 

I  in  the  ratio  of  B  4,  B  3,  &u.  to  B  A  to  give  the  true  heatt  cor- 

»g  to  those  deimtics  ;  or  the  bents  belonging  to  the  densities  B  4. 

■re  rwipecliTcly  as  A  C,  A  D,  &c.     Now,  by  the  nature  of  the 

,  A  4  (A  B  +  B  4)  or  A  B'— B  4"  =  P  +  E  4  :  or  E  4  a  (i. , 


•)  A  B*— B  4«.     But  B  4 
AB«-B4» 


B  A: 

Now,  if  A  B  = 


E4:  AC;  or  ACS  ^t 
l.Biid  B4  =  T,  then  A  C 


'—«  [l^^i*  Of  A  C  ^   [ r]  y  where  y  is  a  constant  co.«ffi- 


by  experiment.  Let  us  auume  any  of  the  densities 
■  the  above  table>  at  {,  the  corresponding  increment  is  16,  which, 
)tt«  trtte  increment,  is  to  be  increased  in  the  ratio  of  {  :  I  or  3  :  Ji> 
— = — ^"T*     ^""i  t"  'be  formula,  *  is  - 


whence  it  I 

25.    ^Therefore,  the 


of  temperature,  at  any  density,  x  is  25"  I 'J,  the  density  of 


In  the  tcil,  I  have  subatituted  49  for  25,  In  order 
i>  Falirenheil'it  scale. 
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^'"P'  ^'    the  Brocken,  at  26*444  inches :  required  from  this  the  dif- 
ference of  temperature.     If  we  reckon  the  density  of  air  at 
Goslar  1,  to  find  its  density  at  the  top  of  the  Brockeo,  we 
say  29-5  :  26-444  :  :   I  :  0*896  =  density  of  air  at  the  top 
of  the  Brocken.     By  substitution,  the  formula  becomes  45 
(I-1I6— 0-896)  =  45  X  0-22  =  9°-9  equal  to  the  difference 
between  the  air  at  Goslar  and  at  the  top  of  the  Brocken. 
Lasius  found  the  difference  9^-4,  which  differs  only  by  half  t 
degree  from  that  given  by  the  formula. 

This  formula,  however,  though  it  furnishes  a  valuable  ap- 
proximation, is  not  quite  correct ;  for  if  we  calculate  from  it 
what  the  mean  temperature  ought  to  be  on  the  summit  of  Ben- 
Nevis,  we  obtain  about  32°.*  Yet  we  know  that  the  somimt 
of  that  mountain  is  below  the  level  of  perpetual  congelatioiit 
which  in  Scotland  is  elevated  to  the  height  of  about  6500  feet* 
exceeding  that  of  any  mountain  in  Great  Britain. 

It  is  obvious  from  the  details  here  entered  into,  that  tke 
temperature  of  the  air  must  diminish  in  proportion  as  iM 
height  increases  above  the  level  of  the  sea ;  because  itsdeniity 
diminishes,  and  consequently  its  specific  heat  increases  exactly 
The  same    in  that  ratio.     But  the  same  weight  of  air,  at  all  elevation^* 
Tir  at  au     above  any  place,  contains  exactly  the  same  quantity  of  heai- 
tSni  rt»?"'  ^^  *^^*  ^^  ^  quantity  of  air  were  suddenly  transported  frotf* 
same  heat,  an  elevated  region  to  the  level  of  the  sea,  its  density  wooU  be 
continually  increasing  during  its  descent,  while  its  spedfi^ 
heat  would  diminish   in  the  same  proportion,  and  when  ** 
reached  the  level  of  the  sea,  its  temperature  in  conseqnen^^e 
would  be  just  as  high  as  that  of  other  portions  of  air  in  the 
same  latitude  and  elevation.     Air,  therefore,  does  notfedcoW 

*  This  calculation  is  made  on  the  supposition  that  the  mean  annual  tH^ 
perature  at  Fort- William  is  47«.     It  lies  about  53  minutes  farther  «*•* 
than  Glasgow.     Now,  the  mean  temperature  at  Glasgow  is  veiy  vttnj 
47®'75 ;  while  the  mean  temi)erature  of  London  is  nearly  50^.    The  SBf 
encc  l>etween  these  two  temperatures  is  2**^,  while  the  difference  betwfi^    ^ 
the  latitudes  is  very  nearly  4  degrees.     From  this  it  would  appear,  tka* 
in  Great  Britain,  every  additional  degree  of  latitude  diminishes  the  Umr 
perature  about  0*55  of  a  degree  of  Fahrenheit.     It  is  obvious  firom  thiiy 
that  the  mean  heat  at  Fort- William  is  not  under  47o.     It  should  be  47«<; 
which  would  make  the  mean  heat  at  the  summit  of  Ben-Novis  32"*4. 
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in  consequence  of  falling  from  an  elevated  situation ;  though  ^*'  ^' 
ttb  be  an  opinion  commonly  entertained ;  but  in  consequence 
of  its  being  suddenly  transported  from  a  more  northerly  to  a 
Bore  southerly  situation.  Thus,  the  unequal  distribution  of 
tempwature  in  the  atmosphere,  when  properly  understood, 
ttostitates  no  objection  to  the  mobility  and  ascent  of  air,  when 
iti  temperature  is  increased. 

SBCTION  v. — OF  THE  RADIATION,   TRANSMISSION,  AND 

POLARIZATION  OF  HEAT. 

The  radiation  of  heat  having  been  first  investigated  by 
Wos  of  the  thermometer,  and  the  transmission  and  polariza- 
w  of  heat  taking  place  when  it  passes  in  rays,  the  subject 
literally  claims  a  place  in  this  chapter. 

The  first  rude  attempt  to  examine  radiation  was  made  by  £zp«ri. 
wotte.     In  the  year  1682,  he  mentioned,  at  a  meeting  of  Mariotte. 
fc  French  academy  of  sciences,  that  the  heat  of  a  fire  re- 
iKted  by  a  burning  mirror  is  sensible  in  its  focus ;  but  when 
^fiiie  of  glass  is  interposed  between  the  mirror  and  its  focus, 
w  beat  is  no  longer  sensible.*      Lambert,  the  celebrated  or  Lam- 
Ganan  mathematician,  was  one  of  the  first  persons  who  re- 
l^tfed  and  varied  this  experiment.     He  placed  burning  char- 
^  in  the  focus  of  a  mirror,  while  another  mirror  was  standing 
f^iM.  to  it,  at  the  distance  of  24  feet.     A  combustible  body 
r^^  m  the  focus  of  this  last  mirror  was  kindled.     Yet  when 
■B  light  of  a  clear  burning  fire  was  collected  in  the  focus  of 
^  vge  lens,  the  heat  evolved  was  scarce  sensible  to  the  hand. 

Sdieele,  in  his  Treatise  on  Air  and  Fire,  published  in  1777,  Of  Schede. 

Ude  many  important  and  new  observations  on  the  radiation 

V  kit.     He  observed  that  the  radiant  heat  from  the  fire 

pHNS  through  the  air  without  heating  that  fluid,  and  that  no 

■•ial  currents,  however  strong,  have  any  tendency  to  inter- 

ftjpt  it.     If  we  interpose  a  pane  of  glass  between  the  fire  and 

Hr&oe,  the  light  passes  through  the  glass  with  but  little  dimi- 

;  but  the  whole  of  the  heat  is  intercepted.     A  glass 

reflects  the  light  of  a  fire,  but  not  its  heat,  which  it  ab- 

*  Mem.  Paris,  i.  344. 
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sorbs  and  retains,  while  a  polished  metallic  m 
both  the  light  and  the  heat.  The  glass,  when  ] 
the  fire,  soon  l)ccomes  hot,  but  a  polished  metal 
a  long  time  in  that  position  without  becoming  sc 
But  if  we  blacken  its  surface  by  holdinir  it  ov< 
candle,  it  cannot  be  kept  four  minutes  in  the  hand 
fire  without  acquiring  so  much  heat  as  to  excite  ] 
jjv  These  oxperim«»nt8  of  Schecle  wen*  repeatctl  £ 
^-  Saussure,  Pictet,  and  King,  betwet^n  the  years  1 7) 
they  were  the  first  to  introduce  specula  of  tin, 
derabiy  facilitated  the  future  investigation  of  the 
Itn-  In  the  year  IHOO,  an  elaborate  paper  on  the 
solar  rays,  was  published  in  the  Philosophical  ' 
by  Sir  William  HerM*helL  He  had  l»e<*n  occupii 
telescopic  observations  on  the  sun,  and  employ 
glasses  to  enable  him  to  look  at  that  luminary 
that  when  they  wert^  dark  enough  to  exclude  1 
light,  they  soon  became  so  hot  as  to  crack  and  brt 
This  led  him  to  investigate  the  hratin*:  powers  uf 
coloured  rays  of  the  Holar  npectrum. 

It  is  well  known  that  when  a  solar  ray  is  made  t( 
a  triangular  prism  of  triaiss,  and  received  upon 
at  some  considerable  distance,  instead  of  a  roun 
sun,  it  forms  an  oblong  spectrum  consisting  of 
colourcMl  rays;  namely,  redj  orange^  ytUou\  gm 
andviokij  of  which  the  red  is  the  legist  and  th 
refracted,  and  the  refrantjibilitv  of  the  otlier? 
of  their  namen.     He  found  (an  had  b<H.Mi  d< 
that  the  violet  ray  i>o8ses*<es  the  lea^tt  heatiiiir 
the  heating  ]>ow(*r  of  the  s|H.*t*trum  iiirreasr 
IlMiiDg      end  to  the  retl  extremity  of  the  sixvtruui 

iovrr  oi        ,  ' 

iW  nym.      little  table  shows  the  rise  of  the  thermoiiirte 
the  green  ray,  and  the  red  ray  : — 


Vioh-l 

• 

ir,« 

Gnt'ii 

• 

22*  t 

Hi-d 

• 

ru^i 

*  Schrrle  un  Air  iuid  KirCi  p.  <>G.    Cii 
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Herschell  had  previously  examined  the  illumiDating  power    Sect,  v. 
^tlie  difierent  coloured  rays  of  the  spectrum,  and  he  found 
BW  the  greatest  illuminating  power  resided  in  the  middle  of 
^w  spectrum,  that  part  of  it  in  which  the  yellow  and  the  green 
piM  into  each  other.    The  violet  ray  has  the  least  illummating  Their  iUu- 
poirer ;  that  of  the  red  ray  is  greater,  though  much  less  than  ]^^  °* 
Ae  ydlow-green.    The  illuminating  powers  of  these  three  rays 
l^^  fimnd  aa  follows : — 

Violet       .         .         1 
Red  .         .         2 

Yellow-green    .        4 

This  remarkable  difference  between  the  law  which  the  rays 
^tbe  aolar  spectrum  follow  in  illuminating  and  heating  bodies, 
'^  Herechell  to  suspect  that  in  all  probability  the  heating 
9M«r  does  not  terminate  with  the  visible  spectrum,  but 
Attends  to  some  distance  beyond  it.  Upon  placing  the 
^cmometer  below  the  limit  of  the  solar  spectrum,  he  found 
ttn  it  still  continued  to  rise.  The  maximum  point  of  eleva- 
^ioB  lay  between  ^  and  ^  inch  beyond  the  red  ray,  the  spectrum 
^^g  received  on  a  board  52  inches  distant  from  the  prism. 

He  beating  power  still  continued  sensible  at  the  distance  of 

l^iock  firom  the  extremities  of  the  red  ray. 
These  experiments  were  repeated  soon  after  by  Mr  Leslie,  ^^^^f 

^  employed  for  the  purpose  his  differential  thermometer.  Leslie. 

B^faond  the  greatest  heat  in  the  red  ray,  and  no  effect  what- 

*^  beyond  the  visible  spectrum.     This  induced  him  to  call 

*  question  the  accuracy  of  Herschell's  observations,  and  to  re- 
■K  his  assent  to  them.*  Landriani  had  already  announced 
te  the  greatest  heat  of  the  prismatic  spectrum  was  in  the 
jdow  ray  ;t  and  Rochon  had  found  the  point  of  greatest  heat 
■tilted  between  the  yellow  and  the  red  ray  ;X  but  the  obser- 
vitions  of  these  philosophers  do  not  seem  to  have  been  known 
either  to  Herschell  or  Leslie. 

Sir  Henry  Englefield  repeated  Herschell's  experiments  soon  PJ/*"***" 

*  NicholsoQ*!  4to  Journal,  iv.  244. 

f  Yoka ;  lettere  tuU'aria  inflamabile  nativa  della  paludi ;  1777«  p.  136. 
t  Recodl  de  Memoires,  sur  la  Mecanique  et  la  Physique,  1785,  p.  348. 
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Chap.  I.  after  the  appearance  of  Leslie's  paper.  His  results  agreed 
with  those  of  Herschell.  He  found  the  greatest  heat  beyond 
the  limit  of  the  red  ray.* 

OfBerard.  They  were  repeated  again,  in  1813,  by  M.  Berard,  in  Ber- 
thoUet's  laboratory,  by  means  of  an  apparatus  furnished  at  the 
expense  of  that  eminent  chemical  philosopher.  He  employed 
a  heliostade,  by  means  of  which  the  prismatic  spectrum  wai 
rendered  stationary.  He  found  the  heating  power  of  the  violet 
ray  least,  and  it  gradually  augmented  as  the  thermometer  passed 
towards  the  red  extremity  of  the  spectrum.  But  the  heating 
power  did  not  terminate  with  the  red  ray ;  it  was  senuble  half 
an  inch  beyond  it,  though  at  that  distance  it  was  diminished 
to  one-fifth.f 

These  different  experiments  and  observations  appeared  so 
contradictory,  and  so  inconsistent  with  each  other,  that  che- 
mists were  at  a  loss  what  conclusions  to  draw.  The  subject 
was  partially  elucidated  by  Wunch,^  and  still  more  completdj 

Experi.      by  Seebeck,§  whose  experiments  appear  to  have  been  (xm-    ! 

^^^^     tinned  for  at  least  ten  years.     Seebeck  found,  as  all  preceding 
observers  had  done,  that  the  thermometer  was  elevated  when 
placed  in  any  one  of  the  coloured  rays  of  the  solar  spectroD' 
But  the  position  of  the  point  of  greatest  intensity  depends 
upon  the  nature  of  the  prism  by  which  these  rays  are  refracted. 
When  a  hollow  glass  prism  filled  with  water^  or  oil  qf  t^" 
pentine^  or  alcohol^  is  employed,  the  point  where  the  intenBity 
of  the  heat  is  the  greatest  is  situated  in  the  yellow  ray. 

When  the  prism  is  filled  with  a  solution  of  corrosive  subli- 
mate, and  sal  ammoniac,  (recommended  by  Blair  in  his  pap^ 
on  the  achromatic  telescope,)  or  with  sulphuric  acid,  the 
greatest  heat  is  in  the  orange  ray. 

When  the  prism  is  of  croum  glass  or  common  whUe  gl^*^ 
the  greatest  heat  is  in  the  red  ray. 

WTien  flint-glass  prisms  are  used,  the  heat  is  greatest  wVivr 

*  Royal  Institution  Joum.  1802,  p.  202. 

f  Ann.  de  Chim.  Izxxv.  309. 

X  Magazin  tier  GesolUch.  naturf.  Frcund.  in  Berlin,  1807. 

J  Achandl.  dor    Konigk,   Abad.   Wisscnschaften,  in   Berlin,   181^'^ 
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'<■■(  the  vpectrum  at  some  dUUince  beyuod  tlie  red  ray.     When    Saet.  V. 
Hohemmi  flint-glass  prisma  were  employed,  the  greatest  heat 
»  slill  lieyond  llie  Ted  ray  ;   but  nearer  than  when   English 

f  lase  prisms  were  employed. 
S'licse  facts  being  known  and  understood,  it  is  easy  to  ao- 
■it  Tor  the  different  results  obtained  by  different  experi- 
Thcy  depended  obviously  upon  the  kind  of  prism 
loyed  by  each, 

3  it  is  established  that  heating  rays  are  found  in  every 

^of  ihewiloured  spuctrum;  but  they  are  accumulated  in 

Itevt  abundance  at  the  least  refracted  end.     When  a  flint 

I  prism  is  used,  they  are  accumulated  in  greatest  abun- 

e  beyond  the  rod  ray,  and  quite  beyond  the  visible  spec- 

Since  the  heating  and  illuminating  rays  may  he  thus 

separated,  we  have  no  evidence  thai  they  are  the  same.     They 

I'm  rather  to  consiat  of  two  distinct  kinds  of  rays,  one  of 

'iiicb  illuminates,  and  the  other  heats  objects. 

Besides  these  two  species  of  rays,  the  solar  spectrum  ap-  Chnotal 
\vui  t»  contain  a  third  species  of  ray,  which  has  been  distin-  rchwiibb. 
Kuisbcdby  ibenameof  cAemtco/ ray,  because  it  produces  cbcmi- 
ul  changes  on  bodies.  If  a  piece  of  chalk  he  immersed  in  a  so- 
iuiion  of  nilraU  of  silver,  and  then  exposed  to  the  direct  raya 
"'  ihc  sun,  it  acquires  a  dark  colour,  owing  to  the  deposition 
i'  II  tliin  pellicle  of  silver  upon  its  surface."  Chloride  of  ail- 
■'■T  is  almost  instantly  blackened  by  exposure  to  the  direct 
ftye  of  the  sun.  In  the  same  manner  oxides  of  gold  and  mer- 
fsirj  are  reduced  when  exposed  to  the  solar  ray.  Scheele,  and 
^ftcr  hini  Senebier,  found  that  these  changes  are  not  produced 
''}  the  rod  ray,  nor  by  the  rays  near  the  least  refrangible  end 
"f  Uie  spectrum.  A  feeble  effect  is  produced  by  the  green 
^y ;  but  the  greatest  and  most  rapid  alteration  is  produced 
•ten  the  oxides  or  chlorides  are  exposed  to  the  violet  or  most 
'''frMgible  ray. 
^hen  plants  grow  in  the  dark,  they  are  said  to  he  etiolated, 
colour  is  white.     When  such  a  plant  is  exposed  to 

Mr  Sctnlui  hiti  ahown.  thnt  nitrate  of  silver  \»  not  blackened  \\y  kx- 
Win  Xi^U  unlraa  it  ia  mixed  with  sonic  organic  matler.  Tbu  it 
n  bbck  if  mllowed  to  touoh  pii|ii'r. 
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cbap.  1.  flunshinc,  it  speetlily  begins  to  assume  a  green  colour.  Now, 
in  this  case  also,  the  least  refrangible  rays  have  but  little  or 
no  effect ;  but  the  change  takes  placi'  rapidly,  when  the  pUnt 
is  placed  in  the  violet  ray.  Urrard  found  that  when  the  IpasI 
refrangible  half  of  the  solar  spectrum  is  collected  into  a  focus 
by  a  convex  glass,  it  forms  an  exceedingly  brilliant  and  colour- 
less light,  in  which  chloride  of  silver  may  be  kept  withool 
undergoing  any  alteration  in  colour.  But  when  it  b  put  into 
the  focus  fonucd  by  concentrating  the  most  refrangible  half 
of  the  spectrum,  though  this  focus  is  much  less  brilliant,  it 
blackens  in  a  few  minutes.  Ur  Wollaston  found  that  chloride 
of  silver  blackened  still  more  speedily,  than  it  did  in  the  violel 
ray,  when  placed  entirely  above  the  visible  spectrum  at  aome 
distance  from  the  limit  of  the  violet  ray.  The  same  result 
was  obtained  neiirly  about  the  same  time,  by  Messrs  Ritter 
and  Uockmann,  in  (iennany.  Thus  it  appears  that  the  chc^ 
mical  rays  are  still  more  refrangible  than  the  illuminating  rayt, 
and  that  they  extend  beyond  them.* 
Solar  ipK-  The  solar  spectrum,  then,  consists  of  at  least  three  distinct 
uiniihne  species  of  niys ;  namely,  iUnminating  rayn^  constituting  the 
j^^  "  visilile  spt*ctrum :  heating  raySy  less  refrangible  than  the  visible 
rays,  and  varying  in  the  place  of  their  irreatest  intensity 
cording  to  the  nature  of  the  prism  throui;h  which  they 
made  to  jiass ;  and  chemical  rayn^  more  refranirible  than  the 
others,  and  having  the  place  of  their  greatest  intensity  heyood 
the  up{)ermost  limit  of  the  visible  s{)ectruni.  These  thrre 
kinds  of  rays  move  in  strai^'ht  lines  from  the  sun.  We  know 
not  whether  they  all  possess  the  same  velocity ;  though  there 
is  no  proof  wliate\er  of  any  ditference  in  this  respect. 
llMini.  Hays  of  heat  are  eapable  of  radiatiiii;  frt»m  the  surface  of 

•orfim""  hot  bodies,  precisely  as  ra\  s  of  li«rht  dii  from  luminous  budirsL 
The  niniit  important  faets  respect Iul'  tli«*  ditlcrences  lietwera 
bodies  as  radiator>  of  heat,  were  ascertained  b\  Mr  Le:^iic«  tif 
Kdiii)iur(;li,  ami  made  known  b\  the  publication  of  his  '/Vvoliar 

*  S-rU-rk  iihMT^til  thut   iliinriilt- nf  piUit  wliiii  |iiit  into  ihtf  rrd  rsj. 
Ai'i{iiiri*it  n  |mIi-  r'lM- niltiiir.      'V\\\^  i«  iK:('a»ioiii*«l  \*\  ihr  hi-Jl.  4n«i  ibr 

Bi-<'iiri|ih|rl\  I-  ::ri  Btr«l  in  t^i   li  iti-t  p.irt  <>f  il:f   -|K'i*truni. 
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on  Htati  in  1804.     It  will  be  proper  to  give  a  view  of  the    Sect,  v. 
iMst  important  facts  discovered  by  this  very  ingenious  expe- 
niBeDter. 

1.  Mr  Leslie  filled  with  hot  water  a  thin  globe  of  bright  Effect  of 
tin,  four  inches  in  diameter,  having  a  narrow  neck,  and  placed  ^il^.^" 
k  on  a  slender  frame  in  a  warm  room  without  a  fire.  The 
ftemometer  inserted  in  this  globe  sunk  half-way  from  the 
OTgiHal  temperature  of  the  water  to  that  of  the  room  in  156 
■notes.  The  same  experiment  was  repeated,  but  the  outside 
rf  fte  globe  was  now  covered  with  a  thin  coat  of  lamp  black. 
Tktime  elapsed  in  cooling  to  the  same  temperature  as  in  the 
hit  case  was  now  only  81  minutes.*  Here  the  rate  of  cool- 
^  was  nearly  doubled ;  yet  the  only  difference  was  the  thin 
cnering  of  lamp  black.  Nothing  can  afford  a  more  striking 
poof  than  this  of  the  effect  of  the  surface  V)f  the  hot  body  on 
flsnte  of  its  cooling. 

Coont  Rumford  took  two  thin  cylindrical  brass  vessels  of 

Ae  tame  size  and  shape,  filled  them  both  with  hot  water  of 

dv  lime  temperature,  and  clothed  the  one  with  a  covering  of 

Ml  linen,  but  left  the  other  naked.     The  naked  vessel  cooled 

ten  degrees  in  55  minutes,  but  the  one  covered  with  linen 

ttoied  ten  degrees  in  36^  minutes.t     In  this  experiment,  the 

ban  produced  a  similar  effect  with  the  lamp  black  in  the  pre- 

titnig.    Instead  of  retarding  the  escape  of  heat,  as  might  have 

expected,  it  produced  the  contrary  effect.     The  same 

lion  took  place  when  the  cylinder  was  coated  with  a 

IUb  oovaring  of  glue,  of  black  or  white  paint,  or  when  it  was 

aaoked  with  a  candle. 

S.  The  variation  in  the  rate  of  coolin?  occasioned  by  coat-  Greatest  in 

the  hot  vessel  with  different  substances  is  greatest  when 


the  air  of  the  room  in  which  the  experiments  are  made  is  per- 
imfy  ftill.  The  difference  diminishes  when  the  atmosphere 
ii  agitated,  and  in  very  strong  winds  it  disappears  almost  en- 
iMy.  Thus  two  globes  of  tin,  one  bright,  the  other  covered 
witii  lamp  black,  being  filled  with  hot  water,  and  exposed  to 

*  L«Bfie*i  Inqmry  into  the  Nature  of  Heat,  p.  268. 
f  Nicbolaon*!  Jour.  iz.  60, 
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_Cbap.  I.  winds  of  various  degrees  of  violence,  were  found  by  Mr  La 
to  lose  half  their  heat  in  the  following  times  : — * 


nnoOlote. 

In  a  gentle  gale  44'  35' 

In  a  pretty  strong  breeze  23  20  { 

Jo  a  Tehcment  wind  \f5  9 

This  is  suflBcient  to  convince  us,  that  the  effect  of  the  lai 
bUck  in  accelerating  cooling  cannot  be  owing  to  any  poi 
which  it  has  of  conducting  heat,  and  communicating  it  to  t 
air,  but  to  the  property  which  it  has  of  radiating  boat  (to  i 
the  common  expression)  in  a  greater  degree  than  dear  metal 
bodies.f     That  this  is  in  reality  the  case  is  easily  shown. 

3.  When  a  canister  of  tin,  of  a  cubic  shape  and  considerdi 
sixc,  filled  with  hot  water,  is  placed  at  the  distance  of  a  foot  < 
two  from  a  concave  mirror  of  bright  polished  braaa,  haviflg 
delicate  thermometer  in  the  focus,  the  thermometer  expcrieac 
a  certain  elevation.  If  the  canister  be  coated  with  Ifl 
black,  the  thermometer  rises  much  higher  than  when  the  flNl 
is  left  bright.  Here  we  perceive  that  more  heat  radiates  fri 
the  lamp  black  than  the  clear  metal ;  since  the  elevatioii  oft 
thermometer  is  in  some  degree  the  measure  of  the  radiatii 
A  common  thermometer  docs  not  answer  well  in  similar  ex| 
riments,  because  it  is  affected  by  ever}-  change  of  tcmperati 
in  the  room  in  which  the  cx]HTimonts  are  made.  Bat  1 
Leslie  has  invented  another,  to  which  we  are  indebted  for 
the  precision  that  has  l)een  introduced  into  the  subject.  . 
iy*^»rnt'  hai)  diiftinguisheil  it  by  the  name  of  the  differential iktnmmi 
r.  It  wai«  employeti  also  by  Count  Uunifurd  in  his^  researches 
This  thcmionietcr  coui^ists  of  a  small  gloss  tube  bent  i 
the  8hai>e  of  the  letter  l',  and  terminutini?  at  each  extrea 
in  a  small  hollow  liall,  nearly  of  the  same  size ;  the  tube  c 
tains  a  little  sulphuric  arid  titigiHl  nnl  with  carmine,  and  i 
ticient  to  till  the  greatest  part  of  it.     The  ^la^s  balls  are 

•  liif|ury  into  th«*  Natunr  uf  Heat,  p.  271. 

t  iViil  afitl  Dulung^  have  «hoiiii  by  <lirct't  «*\|it'nmi'iit*«  that  the 
of  heat  tAkcii  away  fn»tii  ht»t)»o4lic»  by  ic^a^  by  conduction  14  iiMlr|iL 
the  nalun*  (^f  ihr  turf  act-  uf  th<'  hot  l»*Mly.     St*v  Aiiiial*  uf  l*hUoM 
Bill.  32.'. 
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■f  lir,  and  both  coiiiuiunicale  with  the  iDtermediate  tube.  To 
iif  iht  legs  of  the  tube  is  affixed  a  small  ivory  scale,  tlivid- 
<  .  inlQ  iOO  degrees;  and  the  sulphuric  acid  is  so  disposed, 
tkit  in  the  graduated  leg  its  upper  surface  stands  opposite  to 
tbe  part  of  the  scale  marked  0,  The  glass  ball  attached  to  the 
ftof  the  instrument  to  which  the  scale  is  attached,  is,  by  way 
Itiiiction,  called theybca/  ball.  Suppose  this  thermometer 
l^t  into  a  warm  room,  the  heat  will  act  equally  upon  both 
L  andt  expanding  the  included  air  equally  in  each,  the 
I  in  the  tube  will  remain  stationary.  But,  suppose  the 
oil  exposed  to  heat  while  the  other  ball  is  not ;  in  that 
e  air  included  in  the  focal  Iwll  will  expand,  while  that 
K  other  is  not  affected.  It  will  therefore  press  more  upon 
tfid  In  the  tube,  which  will  of  course  advance  towards 
I  boll,  and  therefore  the  liquid  will  rise  in  the  tube 
I  0,  and  the  rise  will  be  jiroportiooal  to  the  degree  of 
■^[ilied  to  the  focal  ball.  This  thermometer,  therefore, 
boKarly  adapted  for  ascertaining  the  degree  of  heat  accu- 
t  in  a  particular  point,  while  the  surrounding  atmo- 
a  but  little  affected,  as  happens  in  the  focus  of  a  roflect- 
No  change  in  the  temperature  of  the  room  in 
I  the  instrument  is  kept  is  indicated  by  it,  while  the 
It  alteration  in  the  spot  where  the  focal  ball  is  placed  is 
atcly  announced  by  it. 
knuldng  experiments  on  the  radiation  of  bcat,  Mr  Leslie 
Bjcd  hollow  tin  cubes,  varying  in  size  from  three  inches 
Jb,  filled  with  hot  water,  and  placed  before  a  tin  reflec- 
BhaTing  the  differential  thermometer  in  the  focus.  The 
r  employed  was  of  the  parabolic  figure,  and  about  14 
■  in  diameter.  This  apparatus  afforded  the  means  of  as- 
UDg  the  effect  of  different  surfaces  in  radiating  heat. 
I  only  necessary  to  coal  the  surface  of  the  canister 
■Ibe  various  substances  whose  radiating  properties  were 
■  tried,  and  expose  it,  thus  coated  and  filled  with  hot  water, 
t  the  reflector.  Tlio  heat  radiated  in  each  case  would 
1  into  the  focus  where  the  focal  ball  of  the  differen* 
tnermomeler  was  placed,  and  the  rise  of  this  instrument 
I  '"«M  indicate   the   propnrtional    radiation    of   each    surface. 
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Chafi.  I.    These  experiments  were  conducted  with  much  address.    The 

following  are  the  principal  results  obtained : — 

^^^'^^^"       4.  When  the  nature  and  position  of  the  canister  is  the  uofbf 

*^**^h"*  ^^®  ^^®  ^^  ^^®  differential  thermometer  is  always  proportioDiI 

air.  to  the  difference  between  the  temperature  of  the  hot  canisUr 

and  that  of  the  air  in  the  room  in  which  the  experiment  ii 

made.* 

rim  of  5.  When  the  temperature  of  the  canister  is  the  same,  dw 

teriDTerse-  effect  upou  the  differential  thermometer  diminishes  as  thedii- 

dLteooe?     tance  of  the  canister  increases  from  the  reflector,  the  focal  biB 

being  always  understood  to  be  placed  in  the  focus  of  the  Humr. 

Thus,  if  the  rise  of  the  thermometer,  when  the  canister  m 

three  feet  from  the  mirror,  be  denoted  by  100,  it  will  amomt 

only  to  57  when  the  canister  is  removed  to  six  feet.     On  fld^ 

stituting  a  glass  mirror  for  the  reflector,  and  a  charcoal  fin 

for  the  canister,  when  the  fire  was  at  the  distance  of  10  fflflk 

the  thermometer  rose  31  ^^  and  at  the  dbtance  of  30  feet  it 

rose  21  ^.f     From  Mr  Leslie's  experiments  it  follows,  that  tbe 

effect  on  the  thermometer  is  very  nearly  inversely  proper 

tional  to  the  distance  of  the  canister  from  the  reflector,    tk 

found  likewise  that  when  canisters  of  different  sizes  were  Qfloli 

heated  to  the  same  point,  and  placed  at  such  distances  tM 

they  all  subtended  the  same  angle  at  the  reflector ;  in  that 

case  the  effect  of  each  upon  the  differential  thermometer  vH 

nearly  the  same.     Thus  a  canister  of 

3  inches  at    3  feet  distance  raised  the  thermometer         .  5Cr 

4 4 M 

6 6 «T 

10 10 W 

From  these  experiments  we  learn,  that  the  effect  of  the  canutcf 
upon  the  thermometer  is  nearly  proportional  to  the  angle  ww4 
it  subtends,  and  likewise  that  the  heat  radiated  from  the  ein- 
ister  suffers  no  sensible  diminution  during  its  passage  throag* 
the  air. 
Heat  nu  6.  Heat  radiates  from  the  surface  of  hot  bodies  in  all  direO' 
direction!,    tions;  but  from  Mr  Leslie's  experiments  we  learn,  that  A^ 

•  Leslie,  p.  14.  t  ^^i^^*  p.  51. 
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n^atton  is  most  copious  in  the  direction  perpendicular  to  the  Sect,  v. 
nrfMe  of  the  hot  body.  When  the  canister  is  placed  in  an 
obficpe  position  to  the  reflector,  the  effect  diminishes,  and  the 
I  finiimtion  increases  with  the  obliquity  of  the  canister.  Mr 
Leslie  has  shown,  that  the  effect  in  all  positions  is  proportional 
te  die  Tisnal  magnitude  of  the  canister  as  seen  from  the  re- 
lector,  or  to  its  orthographic  projection.  Hence  the  action  of 
te  heated  surface  b  proportional  to  the  sine  of  its  inclination 
to  the  reflector. 

Such  are  the  effects  of  the  temperature,  the  distance,  and 
pi&m  of  the  canister  with  respect  to  the  reflector.  None  of 
hutf  OLcept  the  first,  occasion  any  yariation  in  the  quantity 
tf  heit  radiated,  but  merely  in  that  portion  of  it  which  is  col- 
hfM  by  the  mirror  and  sent  to  the  focal  ball;  but  the  case  is 
Cfcent  when  the  surfEUse  of  the  canister  itself  is  altered. 

7.  Mr  Leslie  ascertained  the  power  of  different  substances 
te  adiate,  by  applying  them  in  succession  to  a  side  of  the 
^liiltr,  and  observing  what  effect  was  produced  upon  the 
^jfceiilinl  thermometer.  The  following  table  exhibits  the 
e  power  of  the  different  substances  tried  by  that  philo- 
expressed  by  the  elevation  of  the  differential  ther- 
produced 

100 
100+ 

98 
96 
95 
90 

88 
85 
80 

'^  this  table  it  appears,  that  the  metals  radiate  much  worse 

%i  other  substances,  and  that  tin  plate  is  one  of  the  feeblest 

'  tte  metallic  bodies  tried.     Lamp  black  radiates  more  than 

%k  times  as  much  as  this  last  metal,  and  crown  glass  7*5 

as  much. 

t.  Such  are  the  radiating  powers  of  different  substances. 

tteren  when  the  substance  continues  the  same,  the  radiation 

'^  considerably  modified  by  apparently  trifling  alterations 


.Hack 
Walar  by  estimate 
Wnting  paper 

Idling  wax 
^^vtAirlass 


Isinglass     . 
Plumbago 
Tarnished  lead 

80       Radimtin; 
75       power  of 
J.  g       different 
^^       tradiet. 

Mercury      .         •         • 
Clean  lead 

20  + 

19 

Iron  polished       .         • 

Tin  plate 

Gol(£  silver,  copper 

15 

12 
12 
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Chap.  I.    on  its  surface.     Thus  metals  radiate  more  imperfectly  than 
other  bodies ;  but  this  imperfection  depends  upon  the  brigbt- 
by^^nf^h-  ^^^^  ^^^  smoothucss  of  their  surface.     When,  by  exposure  to 
^°s>  the  air,  the  metal  acquires  that  tarnish  which  is  usually  ascrib- 

ed at  present  to  oxidizement,  the  power  of  radiating  heat  is 
greatly  increased.  Thus  it  appears  from  the  preceding  taUe^ 
that  the  radiating  power  of  lead,  while  bright,  is  only  19;  bot 
when  its  surface  becomes  tarnished,  its  radiating  power  be- 
comes no  less  than  45.  The  same  change  happens  to  tin,  and 
to  all  the  metals  tried. 
Mnttcbin  When  the  smoothness  of  the  surface  is  destroyed  by  scratdi- 
the  surface,  ing  the  metal,  its  radiating  power  is  increased.  Thus,  if  tbe 
effect  of  a  bright  side  of  the  canister  be  12,  it  will  be  raised 
to  22  by  rubbing  the  side  in  one  direction  with' a  bit  of  fat 
sand  paper.*  But  when  the  surface  is  rubbed  across  widi 
sand  paper,  so  as  to  form  a  new  set  of  furrows  intersectiaK 
the  former  ones,  the  radiating  power  is  again  somewhat  dimft- 
ished. 

9.  The  radiating  power  of  the  different  substances  examined 

was  ascertained  by  applying  a  thin  covering  of  each  to  one  of 

Varies  with  the  sides  of  the  canister.     Now  this  coat  may  vary  in  thicknei* 

thethiclc-     .  .  .  i.  . 

nessofthe  m  any  given  degree.  It  becomes  a  question  of  some  imper-' 
***  *°^'  tance  to  ascertain,  whether  the  radiating  power  is  influenoe» 
by  the  thickness  to  a  given  extent,  or  whether  it  continues  tb^ 
same,  whatever  be  the  thickness  of  the  covering  coat.  Thi* 
question  Mr  Leslie  has  likewise  resolved.  On  a  bright  sito 
of  a  canister  he  spread  a  thin  coat  of  liquefied  jelly,  and  foo^ 
times  the  quantity  upon  another  side;  both  dried  into  very  m^ 
films.  The  effect  of  the  thinnest  film  was  38,  that  of  tb« 
other  54.  In  this  case  the  effect  increased  with  the  thicknc* 
of  the  coat.  The  augmentation  goes  on  till  the  thickness  o* 
the  coat  of  jelly  amounts  to  about  ix/^^jdth  of  an 'inch;  aftfl^ 
which  it  remains  stationary.  When  a  surface  of  the  canistfii^ 
was  rubbed  with  olive  oil,  the  effect  was  5 1 :  a  thicker  coat  oi 
oil  produced  an  effect  of  59.  Thus  it  appears  that  when  • 
metallic  surface  is  covered  with  a  coat  of  jelly  or  oil,  the  efe^* 
is  proportional  to  the  thickness  of  the  coat,  till  this  thicknc^* 

•  Leslie)  p.  81 
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amouDts  to  a  certain  quantity;  but  when  a  vitreous  surface  is   Sect,  v. 

coferedby  very  thin  coats  of  metal,  no  such  change  is  perceived. 

A  canister  was  employed,  one  of  the  sides  of  which  was  a  glass 

phte.    Upon  this  plate  were  applied  in  succession,  very  fine 

eoat8  of  gold,  silver,  and  copper  leaf.     But  notwithstanding 

ihdr  thinness,  the  cfiect  was  only  12,  or  the  same  that  would 

bie  been  produced  by  a  thick  coat  of  these  very  metals.     But 

wlien  glass,  enamelled  with  gold,  is  used,  the  efiect  is  somewhat 

ioereaaed;  a  proof  that  varying  the  thickness  of  the  metallic 

coite  would  have  the  same  efiect  as  varying  the  thickness  of 

jdh,  provided  they  could  be  procured  of  sufficient  tenuity.* 

As  long  as  an  increase  of  thickness  alters  the  radiating  power 

rfthe  coat,  it  is  obvious  that  the  surface  of  the  canister  be- 

kt  exerts  a  certain  degree  of  energy  ;  and  the  action  exert- 

dbjr  metallic  bodies  appears  to  be  greater  than  that  exerted 

I9  vitreous  bodies. 

it  was  shown  long  ago  by  Dr  Franklin,  that  the  colour  of 
bodies  has  a  considerable  efiect  upon  the  rate  at  which  they 
^korb  heat.  He  placed  different  coloured  pieces  of  cloth, 
I'ick,  deep  blue,  lighter  blue,  green,  purple,  red,  yellow,  and 
vhite^  upon  snow,  and  exposed  them  to  the  direct  rays  of  the 
MQ.  The  pieces  sank  deeper  in  the  snow  in  proportion  as 
.  ^  absorbed  more  heat.  Now,  the  black  had  sunk  deepest, 
I  ^^  the  white  had  not  sunk  at  all,  and  the  others  sank 
'seper  in  the  order  in  which  they  are  named,  those  nearest 
^  Hack  always  sinking  deepest.  Sir  Humphrey  Davy  made 
fibular  experiment,  about  the  commencement  of  his  chemical 
^>tter.  Six  pieces  of  copper,  coloured  black,  blue,  green, 
^  ydlow,  and  white,  with  a  small  portion  of  cerate  on  their 
^^der  surface,  were  exposed  on  a  white  board  to  the  rays  of 
^  son,  and  the  time  of  the  cerate  melting  noted.  It  took 
piee  in  the  order  in  which  the  colours  have  been  named, 
'hre  lately,  Dr  Stark  has  repeated  these  experiments  in  a 
*faeiit  manner,  and  has  shown  that  colour  has  a  considerable 
Act  both  on  the  rate  at  which  heat  is  absorbed  and  emit- 
•lit 

*  LetBe.  p.  1 10.  t  Pbil.  Trans.  1834,  p.  287. 
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^h>p- 1.  He  surrounded  the  bulb  of  a  thermometer  pluDged  into 
glass  tube  with  equal  weights  of  wool  dyed  black,  green, 
let,  and  white.  The  tube  was  then  plunged  into  boilina 
water,  and  the  time  which  the  thermometer  took  to  rise  fran 
SQo  to  170^  was  noted.  It  was  when  the  bulb  was  surrounded 
by  the  different  coloured  wools  as  follows : — 

Black        .  4'  30" 

Dark  g^een       .  5 

Scarlet     .         .  5    30 

White       .         .  8 

He  next  coated  the  bulb  of  an  air  thermometer  with  bhtekf 
dark  brown,  orange  red,  yellow,  and  white,*  and  the  beat  tf 
an  Argand  lamp  about  3  inches  distance  was  thrown  uponthii 
bulb  by  means  of  a  planished  tin  reflector.  The  rise  with  the 
different  colours  was  as  follows : — 

Black  .         .  83« 

Brown  .         .  74 

Orange  red        .         .  58 

YeUow  .         .         53 

White  .         .  45 

Dr  Stark  showed  also  that  the  rate  at  which  these  diflereat 

coloured  bodies  cool,  follows  precisely  the  same  law  as  tbat  io 
which  they  acquire  heat.  He  surrounded  the  bulb  of  the  ther- 
mometer with  different  coloured  wool,  and  noted  the  time  thit 
it  took  to  sink  from  170^  to  50^.     It  was  as  follows : — 

Black  wool  .         .         21' 

Red  ...         26 

White         ...         27 
He  surrounded  the  bulb  with  wheat  flour  coloured  blacfc 
brown,  yellow,  and  white  ;t  and  noted  the  time  of  cooling  fro* 
1 80<>  to  50%  as  follows  :— 

Black  flour     .         .  9^  50" 

Brown  .  11 

Yellow  .         .         12 

White  .  12    15 

*  The  black  was  given  by  lamp  black,  the  other  coloura  by  pero 
lead,  red  lead,  protoxide  of  lead,  and  carbonate  of  lead. 

f  Black  by  lamp  black,  brown  by  amber,  yellow  by  gamboge 
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Prom  these  experiments  we  see  the  reason  why  the  skin  of   Sect,  v. 
a  oegro  is  better  suited  to  the  torrid  zone  than  that  of  a 
Enropean. 

10.  When  the  focal  ball  is  in  its  natural  state,  that  is  to  Surftcei 

ruiato  ftnd 

■J,  when  its  surface  is  vitreous,  it  has  been  already  observed,  absorb  beat 
flttt  the  side  of  the  hot  canister  coated  with  lamp  black  raises  ^^  ^* 
the  thermometer  100°.  If  the  experiment  be  repeated,  cover- 
ing the  focal  ball  with  a  smooth  surface  of  tinfoil,  instead  of 
wmg  to  100®,  the  thermometer  will  only  indicate  20°.  A 
^[htside  of  the  canister  will  raise  the  thermometer,  when  the 
fall  ball  is  naked,  12^;  but  when  the  ball  is  covered  with 
tbbilythe  elevation  will  not  exceed  2^°*  From  these  ex- 
fnments  it  is  obvious,  that  metal  not  only  radiates  heat  worse 
^  glass,  but  likewise  that  it  is  not  nearly  so  capable  of  im- 
tting  it  when  the  rays  strike  against  its  surface.  If  the  sur- 
■«  of  the  tinfoil  be  furrowed  by  rubbing  it  with  sand  paper, 
Reflect  produced,  when  the  focal  ball  is  exposed  in  the  focus, 
*ill  be  considerably  increased.!  It  has  been  already  observed 
■>tthe  radiating  power  of  tin  is  likewise  increased  by  scratch- 
^it  These  facts  entitle  us  to  conclude,  that  those  surfaces 
*kich  radiate  heat  most  powerfully,  likewise  absorb  it  most 
^kndaotly  when  it  impinges  against  them. 

11.  The  very  contrary  holds  with  respect  to  the  reflectors,  Reflection 
Maigfat  indeed  have  been  expected.     Those  surfaces  which  radutioo. 
nOate  heat  best,  reflect  it  worst ;  while  the  weakest  radicUing 
M&Ges  are  the  most  powerful  reflectors.     Metals,  of  course, 

much  better  reflectors  than  glass.     When  a  glass  mirror 
used  instead  of  the  tin  reflector,  the  differential  thermo- 
rose  only  one  degree ;  upon  coating  the  surface  of  the 
with  lamp  black,   all   effect  was  destroyed;   when 
€0fered  with  a  sheet  of  tinfoil  the  effect  was  10<>.t 

To  compare  the  relative  intensity  of  different  substances  as 
■electors,  Mr  Leslie  placed  thin  smooth  plates  of  the  sub- 
unices  to  be  tried  before  the  principal  reflector,  and  nearer 
duDB  the  proper  focus.  A  new  reflection  was  produced,  and 
Ife  imys  were  collected  in  a  focus  as  much  nearer  the  reflec- 

•  Leslie,  p.  19.  f  Ibid.  p.  81.  t  Ibid.  p.  20. 
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Cbiip.  J^  tor  than  the  plate  aa  the  old  focus  was  farther  distant. 
R«flcetinc  comoarative  power  of  the  different  substances  tried  w 

power  of  »  * 

▼AHotubo.  follows:—* 

Brass  100  Ix'ad    .... 

Silver  ...  90  Tinfoil  loftened  bj  mereui 

Tinfoil  ...  S6  GIhm    .... 

Block  tin  .         .         .  80  Dittij  coated  with  wax  or  < 

Steel  ...  70  i 

When  the  polish  of  the  reflector  is  destroyed  by  rubbi 
with  sand  paper,  the  effect  is  very  much  diminished.  \ 
the  reflector  is  coated  over  with  a  solution  of  jelly,  the  < 
is  diminished  in  proportion  as  the  thickness  of  the  cos 
creases,  till  its  diameter  amounts  to  toW^'^  P^^  ^^  *° 
The  following  table  exhibits  the  intensity  of  the  refl* 
coated  with  jelly  of  various  degrees  of  thickness : — t 


Naked  Reflector  .         127 

4doooo  •  .  •  .  yo 
TOooOO  ....  yj 
looso     ....     87 

V0d39  OI 

TO&DO  ....  39 

BOoA  ....  ZjI 

VooV  .  ^1 

TooTT  .                                  .  lO 

All  these  phenomena  are  precisely  what  might  have 
expected,  on  the  suppoHition  that  the  intensity  of  reflortl 
inversriv  that  of  radiation.  Mr  Li'slie  has  shown  that 
the  anterior  surface  of  refltrtors  onlv  that  acts.  For  wl 
glass  mirror  is  employed,  its  power  is  not  altered  by  sen 
off  the  tin  from  its  back,  nor  by  grinding  the  |M)sterior  su 
with  sand  or  emery.} 

Such  was  the  state  of  our  knowledge  of  the  radiatii 
heat,  when  Hecquerel  suggested,  in  the  year  182G,  a  mo 
measuring  hiirh  decrees  of  heat,  by  means  of  the  th< 
elertrir  currents.}     He   form(*d  his  electric  thermomoti 

*  Letlir,  p.  OH.  f  Ibid.  p.  lor>.  t  Ibid,  p  il. 

i  Ann.  d«*  Chim.  <*t  d«*  l*hv«.  mi.  37 1. 
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■eans  of  wires  of  platinum  and  palladium  communicating  with   Sect,  v. 
igalTanometer.*     Some  years  afterwards,  M.  Nobili  thought 
q(  constructing  an  electric  thermoscopc  of  great  sensibility. 
He  employed  for  the  purpose,  twelve  small  bars  of  bismuth 
a&d  antimony,  which  act  most  powerfully  in  producing  thermo- 
dectric  currents.     They  were  soldered  together  at  the  ex- 
tremity, and  insulated  everywhere  else  in  the  way  represented 
IB  the  diagram,  where  a  represents  the  antimony  bars,  and  b 
4o8e  of  bismuth.     They  were  packed       * 
B  a  box,  80  that  only  the  two  ends  of 
tepfle,  where  the  metals  were  solder- 
d  together,  were   exposed.      Copper 
^res,  attached  to  the  extreme  bar,  (the  one  of  bismuth,  the 
•4er  of  antimony,)  served  to  communicate  with  the  galvano- 
meter.   He  held  the  box  in  his  hand,  and  touched  with  the 
•Jpiaed  face  of  the  pile  the  body  whose  temperature  was  to 
^  determined.    The  diameter  of  the  box  was  about  two  or 
^  inches,  and  the  base  of  each  bar  of  metal  was  about 
^  and  a  half  inch  square. 

M.  Melloni  having  ascertained  by  some  trials,  that  the 

■^<m  of  the  thermo-electric  pile  or  the  ihermo-multiplier,  as 

Uncalled,  depends  more  upon  the  numbers  than  the  size  of 

*e  elements  of  which  it  is  composed,  reduced  each  metallic 

•f  to  about  one-thirtieth  or  one-fortieth  of  the  size  of  those 

■•edby  Nobili,  and  kept  them  isolated  from  each  other,  except 

•We  soldered,  by  slips  of  paper.     He  increased  their  num- 

•fi  to  thirty  or  forty  pairs,  and  fixed  them  in  a  compact 

■■BdfejSO  that  the  two  extremities,  where  the  bars  are  soldered, 

•^fe  free.     Several  additions  were  made  by  him  to  this  appa- 

Qtni,  which  it  is  unnecessary  to  describe  minutely  in  this 

flMe,  as  this  has  been  already  done  by  Nobili  and  Melloni  in 

I831.t 

By  means  of  this  apparatus,  which  is  capable  of  detecting 


*  Galfanometersy  as  will  be  explained  in  a  subsequent  part  of  this  yo- 
cooaist  of  a  magnetic  needle  8us{)ended  freely,  and  enclosed  in  nume- 
ooila  of  insulated  wire,  through  which  the  electricity  that  moves  the 


t  Ann.  de  Chim.  et  de  Phya.  zWiii.  196. 
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bj  thick- 


much  smaller  quantities  of  heat  than  the  differential  thermi 
meter,*  and  which  acts  with  very  mreat  rapidity ;  a  g^reat  nua 
her  of  interostiuf^  ex|>eriment8  were  made,  and  a  great  Tarict 
of  modt  important  facta  ascertained  by  MeIloni,t  and  by  Pre 
fessor  Forliest  of  Edinburgh.  I  shall  endeavour  to  lay  th 
most  striking  of  these  new  facts  liefore  the  reader. 

12.  Contrary  to  the  opinion  of  Professor  Lfealie,  heat  i 
capable  of  radiating  tlirou^li  many  solid  and  liquid  bodiet»  a 
well  as  through  air  and  elastic  fluids. 

13.  Tlie  bodies  through  which  heat  is  transmitted  in  ra}i 
are  generally  transparent  or  translucent.  The  only  exception 
which  Melloni  has  met  with,  are  black  mica  and  black  glass 
both  of  which,  though  opaque,  transmit  heat  from  a  lamp,  froa 
incandescent  platinum,  or  from  copper  heated  to  734^ ;  ba 
not  from  copper  heated  to  212^. 

14.  The  quantity  of  heat  transmitted  through  bodies  b  ita 
proportional  to  their  transparency,  but  (except  in  cryslak 
seems  connected  with  their  refrangibility.  Liquids  are 
general  less  permeable  to  heat  than  solids.  To  bodies  whL  - 
transmit  heat  well,  Melloni  has  given  the  name  of  diathirm^ 
or  tramcahric  bodies. 

1 5.  The  quantity  of  heat  transmitted  throu(;h  transpar^i 
glass,  is  modified  by  the  thickness  of  the  glass.  This  vc 
ap|)ear  from  the  fuUowinir  table,  exhibiting  the  quantity  o 
heat  transmitted  and  absorl)e<l  by  glasses  of  various  thickoesi^ 
an  determined  by  Melloni,§  the  whole  heat  being  1000: — 


Thtrknrw. 
Inchn 

(K2441 


Tri 


iitlcd. 


<il9 

55rt 
5411 


3H1 
424 
44*2 
451 


We   nee   from   this   that  the  greatest    imrt    of  the   hes 

•  From  thr  ri|ienmrntf  of  I*ri>fi*<M»r  Korlirt.  it  ««>uM  appear  that  th 
«li*%iiition  I*' of  ihr  ihfrnw>-roulti|»lii»r,  is  ocjuiTatcnt  tu  ^th  or  ^ih  al* 

c«*ntit;rH(li*  (leirnt*. 

f  Ann.  (Ir  riiim.  i-t  ilc  Thy*,  liii.  5  ;   I  v.  3:I7  ;  and  lii.  5. 

t  iMiiloM.|»likttl   Maici^ift*'.   ^^  •orica;.  vi.    134.   205,  284,  366 ;   %'i 
349;  kii.  54J  ;  liti.  97.  IhO.  , 

(  Ann.  dc  Cbim.  ct  <lc  l^bjr*.  liii.  39. 
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btoibed,  IS  absorbed  by  the  first  portion  of  the  plate  of  glass.    Sect  v. 
Suppose  the  thickness  of  glass  to  be  divided  in  idea  into  four 
ifitts  of  equal  thickness,  the  quantity  of  heat  lost  in  passing 
ttraogh  each  would  be  381,  43,  18,  and  9. 

It  18  eyident  from  this,  that  the  transmission  of  heat  through 
1^  follows  a  different  law  from  that  of  light. 

Thid  is  still  farther  confirmed  by  the  following  experiments 
rfihe  same  philosopher : — 

0    Thidoicn  ofgUss.  Bays  truumittcd.  lUytttopptd. 

InchM. 

1-063         .        .        484        .         .        516 

2-126         .        .         380        .        .        620 

3-189        .        .        303        .        .        697 
Here  the  rate  of  stoppage  is  516,  215,  203. 
'   Tbe  following  table  from  the  same  experimenter,  shows  the 
■tit  transmitted  and  absorbed  in  passing  through  various 
"•doiesses  of  oil  of  colza : — 


TbickoeH. 
IndiM. 

Rayi  transmitted. 

Rays  stopped. 

0-2664 

443 

657 

0-5328 

363 

637 

1-0656 

294 

706 

2-1312 

270 

730 

1 

2-8035 

255 

745 

4-2630 

.244         . 

756 

If  we  suppose  the  thickest  portion  of  the  oil  divided  into 
B  lEoes,  the  respective  thicknesses  of  which  are  0-2664  inch, 
M664,  0-5328,  1-0656,  1-0656,  1-0656,  we  have  the  por- 
lionf  stopped  at  each  slice  as  follows : — 

Ist  Slice         .        .        .         0-557 


2 
3 
4 
5 
6 


0-180 
0-190 
0-082 
0-056 
0-040 


Thus  we  see  that  the  stoppage  of  heat  in  passing  through 
I  slices  of  oil  of  colza,  diminishes  just  as  in  glass. 
It  is  obvious  from  this,  that  if  a  ray  of  heat  be  transmitted 
oogh  a  second  plate  of  glass,  much  less  heat  will  be  stopped 
by  the  first  plate. 
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Chap.  I.       16.  It  is  well  known  that  the  quantity  of  light  which  paaiei 
through  diaphanous  bodies,  depends  upon  their  transparencj. 
If  a  body  be  perfectly  transparent,  the  whole  light  will  pw 
through.*     If  it  be  opaque,  none  will  be  transmitted ;  and  the 
quantity  through  intermediate  bodies  will  be  proportioned  to 
their  degree  of  transparency.     The  same  differences  exiiti 
with   regard   to   the   transmission  of  heat   through  bodm* 
SoJ  gemme  There  is  one  body,  sal  gemme,  (or  native  transparent  commoo 
all  the  heat,  salt,)  through  which  the  whole  heat  passes,  except  what  is  re 
fleeted  from  its  two  surfaces.     Suppose  the  whole  heat  to  h^ 
1000,  Melloni  found  923  of  this,  from  whateyer  source,  aiA* 
though  greatly  below  the  point  of  being  luminous,  pass  through- 
a  plate  of  sal  gemme.     The  77  lost  are  reflected  from  tte 
surfaces  of  the  salt.     Melloni  has  shown  that  the  quantity 
reflected  by  the  anterior  surface  is  39*3 ;.  consequently  th^ 
quantity  reflected  from  the  posterior  surface  must  be  37*7. 

Thus,  sal  gemme,  with  respect  to  heat,  is  what  a  perfectly 

transparent  body  is  to  light.     All  other  bodies,  even  thoogb- 

colourless  and  transparent,  exert  an  action  similar  to  that  <^« 

Other  bo-   coloured  glass  upon  light ;  that  is  to  say,  they  stop  certira 

diet  only  a  rays    and  transmit  others.     The  following  table  shows  die 

part  01  It.  *'  ^  1  #»        •  1 

quantity  of  heat  transmitted  through  glasses  of  various  coloar»» 
and  0*0728  inch  in  thickness.f     The  whole  heat  being  100. 

Heat  tnuumttud. 

Colourless  glass  ...         40 

Deep  red  glass  ...         33 

Orange  do.  ....         29 

Brilliant  yellow  ...         22 

Apple  green  glass         ...         25 
Mineral  green  do.         ...         23 

Blue  do 21 

Indigo,  .....  12 

Deep  violet  ....         34 

Black  and  opaque  .         .         *         17 

The  effect  of  different  bodies  in  stopping  heat  transimttedf 
is  well  exemplified  in  the  following  table  of  Melloni.  Tli* 
thickness  of  each  body  interposed  as  a  screen,  is  O'lWS* 

•  The  portion  reflected  at  the  surface  of  the  body  always  excepted. 
f  Ann.  de  Chim.  et  de  Phys.  Iv.  379. 
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u  Four  sources  of  heat  were  employed;  1.  A  common 
p,  called  by  Melloni,  lamp  of  Locatelli ;  2.  A  coil  of  pla- 
na wire  kept  incandescent  by  vapour  of  alcohol ;  3.  Copper 
ckened  by  the  smoke  of  a  candle,  and  heated  to  734^ ; 
Blackened  copper  plate  heated  to  212^.  The  two  first 
irces  were  luminous,  the  two  last  contained  no  sensible 
intity  of  light  whatever : — * 


135 

Sect.  V. 


Screeng. 


ttgemme  .... 

iV^  spar,  diaphanous  and  colourless 
Ugemme,  diaphanous  but  muddy 
wyl,  diaphanous,  yellowish  green 
wT  spar,  diaphanous,  greenish 
cdand  spar,  diaphanous,  colourless 

Do*  do.  do. 

^IJtal  glass,  diaphanous,  colourless 

*fc»  do.  do. 

W[  crystal,  diaphanous,  colourless 

*X>.  smoked,  diaphanous,  brown 
womate  of  potash,  diaphanous,  orange 
<ipii,  diaphanous,  colourless 
Vvonate  of  lead,  diaphanous,  colourless 
dphate  of  barytes,  diaphanous,  slightly 

nmddy  

lite  agate,  translucent,  pearly 

bdaria,  diaphanous,  muddy,  veined 

Bethyst,  diaphanous,  violet 

tificial  amber,  diaphanous,  yellow 

tyl,  diaphanous,  bluish  green 

ite,  translucent,  yellow 

«z,  translucent,  white 

imudin,  diaphanous,  deep  g^een 

torn,  translucent,  brown 

a,  diaphanous,  yellowish 

Jimte  of  barytes,  diaphanous  and  mud- 

r,  veined 

hftte  of  lime,  diaphanous,  colourless 
lelian,  translucent,  brown 
le  acid,  diaphanous,  colourless 
lonate  of  ammonia,  diaphanous,  muddy 
leile  Bait,  diaphanous,  colourless     . 


Heat  transmitted.  Total  being 


Lamp 
ofLo. 

catelli. 


Incan- 
descent 
plati. 
num. 


92 
78 
65 
54 
46 
39 
38 

39 
38 
38 

37 
34 
33 
32 

24 
23 
23 

21 
21 
19 
19 
18 
18 
18 
18 

17 
14 
14 
11 
12 
11 


92 

69 
65 
23 
38 

28 
28 

24 
26 
28 
28 
28 
24 
23 

18 

11 

19 

9 

5 

13 

12 

12 

16 

4 

3 

11 
5 

7 

2 
3 
3 


Copper 

heated 

to734P. 


92 

42 

65 

13 

24 

6 

5 

6 

5 

6 

6 

15 

4 

4 

3 
2 
6 
2 
0 
2 
2 
8 
3 
0 
0 

3 
0 
2 
0 
0 
0 


Ditto 
heated 
to  212°. 


92 

33 
65 
0 
20 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 


•  Ann.  dc  Chim.  ct  do  Phyt .  W.  347. 
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Amber,  trmiialucent,  jellowinh 
Aluni,  diaphanous,  colourleftii 
(ilue,  diaphanous,  ji*llowiiih  brom*n 
Mother  of  pearl,  traniiluc«-nt,  white 
Suf^r  candv,  diaphanous,  C(»lourli*>.H 
Fluor  spar,  translucent,  ^een 
Fused  su^ar,  diaphanous,  yellowish 
Ice,  diaphanous,  colourless 


11 

y 

8 
8 

7 

6 


5 
2 

2  . 

0 

0  I 

<>; 

0    ; 


0      : 

0  ! 
0  ' 

4 

(I 
0  i 


It  is  obvious  from  this  table,  that  the  quantity  of 
transmitted  bears  no  relation  to  the  transparency  of  the  b 
through  which  it  passes ;  the  quantity  transmitted  also 
dently  increases  in  every  body,  (sal  gemme  excepted)  a 
temperature  of  the  source  of  heat  increases. 

The  same  principle  was  observed  in  all  the  liquids  trii 
M.  Melloni.  The  quantity  of  heat  transmitted  diminish 
the  source  of  heat  diminished,  precisely  as  when  the  bea 
transmitted  through  solids.  Out  of  twenty-eight  liquids  i 
only  three  exceptions  occurred ;  namely,  bisulpburet  of  ca 
chloride  of  sulphur,  and  protochloride  of  phosphorus. 
Melloni  considers  these  exceptions  as  only  apparent,  an< 
real. 

llius  it  ap|>ear3  that  radiant  heat  from  different  sourc 
absorbed  in  greater  or  smaller  proportions  in  traversing 
phanous  bodies,  both  solid  and  liquid.     Uut  for  the  same 
the  absorption  increases  constantly  as  the  temperature  c 
source  diminishes. 

The  ca^e  is  different  with  light,  l^he  |>alest  and 
feeble  light,  when  passed  through  a  tran»parent  IkhIv,  f 
just  the  same  absorption  as  the  strongest  and  brightest 
Sal  gemme  allows  the  same  proportion  of  heat  of  whi 
intensity  to  \k\m  through  it.  Heat,  then,  with  rt^pect 
gemme,  is  in  the  same  predicament  as  light  with  m^ix 
transi^arent  )K>dies.  All  the  others  intercept  more  and 
heat  as  the  tem|>erature  of  the  source  diminishes.  It  u 
from  this,  that  thet^e  bcNlies  allow  certain  rays  of  heat  ti 
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wUc  they  intercept  others*     They  act  upon  heat  precisely  as    Sect,  v. 

ookmred  bodies  do  upon  light. 

It  follows  from  this  that  the  rays  of  heat  from  different  sources 
ve  not  identic  in  their  nature.  The  heat  of  boiling  water, 
CQfper  heated  to  734^,  incandescent  platinum  wire,  and  a 
tumng  lamp,  give  each  a  greater  quantity  of  rays  of  heat  of  a 
nrtUQ  kind ;  just  as  coloured  bodies  give  out  each  more  light 
rf  a  peculiar  colour. 

Bodies  may  be  divided  into  diathermic  and  athermic.  The 
itthermic  are  divisible  into  two  classes,  universal  and  par- 
tUL  To  the  first  of  these,  analogous  to  colourless  trans- 
fueot  bodies,  belongs  sal  gemme ;  to  the  second,  corre- 
ifQBdbg  to  coloured  bodies,  belong  all  the  bodies  in  the 
lading  table,  together  with  liquids  and  diaphanous  bodies 
ttgoieral. 

The  athermic  bodies  include  all  the  opaque  bodies  hitherto 
Muoed,  excepting  black  glass  and  black  mica^  which,  though 
VfcnrioQS  to  light,  yet  allow  heat  from  certain  Sources  to  be 
ittsmitted.  The  following  little  table  exhibits  the  quantity 
iNBMDiitted  from  the  same  four  sources,  according  to  the  ex- 
fvioieDts  of  Melloni : — • 


^  ^Ms,  thickness  O03937  inch 
Ditto       thickness  0-07874  inch 

VHiek  mica,  thickness  0*0236  inch 
Ktto       thickness  0*03643  inch 


Lamp 
LocateUU 

26 

16 

29 
20 


Incan. 

descent 

pUtlnum. 

S^. 

srir 

25 

12 

0 

15-5 

8 

0 

28 

13 

0 

20 

9 

0 

^Ik  whole  heat  is  supposed  as  before  to  be  100. 
These  bodies,  though  opaque,  are  diathermic,  but  partially 
niice  they  transmit  certain  rays  of  heat  and  intercept 

Thus  Tarious  bodies  exercise  the  same  power  over  heat  that 

bodies  do  over  light ;  that  is  to  say,  they  intercept 

rays  while  they  transmit  others.     It  is  clear  from  the 

lents  of  Herschell,  that  these  rays  differ  in  their  refran- 


i. 


•  Ann  de  Cbim.  et  de  Phys.  Iv.  358. 
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Chap.  I.   gibility.     It  is  easy  from  this  to  understand  the  reason  why, 
in  the  solar  spectrum,  the  point  of  greatest  heat  varies  acoording 
to  the  nature  of  the  prism  used.     Oil  of  turpentine  stops  a 
greater  portion  of  the  heat  that  would  be  transmitted  b  the 
orange  and  red  rays,  or  below  them,  while  it  transmits  tbii 
which  passes  with  the  yellow  ray.      Hence  the  point  of 
greatest  heat  is  in  the  yellow  ray.     A  similar  explanation  ae- 
counts  for  the  maximum  heat  being  in  the  orange  ray  wliea 
the  prism  is  a  solution  of  corrosive  sublimate  or  sal  ammoniac; 
for  its  being  in  the  red  ray  with  a  prism  of  crown  glafly 
and  below  the  red  ray  with  a  prism  of  flint  glass. 
New  pro-        17,  It  may  be  proper  here  to  describe  a  new  property  oC 
■oiar  spec-  the  solar  spectrum,  discovered  by  Melloni.*     In  a  prism  of 
crown  glass,  the  maximum  heat,  as  has  been  already  obserrel^ 
is  in  the  red  ray  of  the  spectrum.     The  heat  diminishes  as  v^ 
ascend,  and  is  least  of  all  in  the  violet  ray.     It  diminishes  abc^ 
as  we  descend,  and  disappears  at  a  certain  distance  below  A^ 
red  ray.     In  the  lower  part  of  the  obscure  spectrum  (as  it  may 
be  termed)  lines  may  be  drawn,  indicating  points  where  di0 
heat  is  equal  with  that  of  the  coloured  rays  above  the  maiimwP 
point  in  the  red  ray. 

Now  if  we  determine  the  heat  of  the  violet  ray,  and  then 
make  it  to  pass  through  a  layer  of  water,  1  line  in  thickness 
the  heat  passes  through  the  water  with  little  diminution,    tf 
we  try  the  line  isothermal  with  the  violet  ray,  below  the  red 
ray,  we  shall  find  that  the  whole  is  stopped  by  the  water.    Af 
we  descend  from  the  violet  ray,  more  and  more  of  the  heat  ii 
stopped  by  the  water :  but  as  we  ascend  from  the  line  isother- 
mal with  the  violet  ray,  below  the  red  ray,  more  and  more  of 
the  heat  passes  through  the  water.     The  following  table  give* 
the  temperatures  in  the  respective  rays  before  and  after  tha 
interposition  of  the  water,  in  centigrade  degrees  :«- 

♦  Ann.  dc  Chim.  et  dc  Phjs.  xlviii.  385. 
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Violet  . 
Indigo  • 
Blue 

Green  . 
Yellow  • 
Orange  . 
Red  . 
Ist  obscure  baod 


2d 

dd 

4th 

5tli 

6th 


do. 
do. 
do. 
do. 
do. 


do. 
do. 
do. 
do. 
do. 


Before. 

After. 

• 

2« 

2 

5 

4-5 

9 

8 

12 

•     10 

25 

20 

29 

21 

32 

20 

29 

14 

25 

9 

12 

3 

9 

1 

5 

0-5 

2 

0 

0-00 
0-10 
0-11 

0-17 
0-28 
0-42 

0-57 
0-70 
0-74 
0-75 
0-88 
0-90 
1-00 


Sect  V. 


,  « last  column  gives  the  loss  in  hundred  parts  of  the  initial 

:  fc^perature,  as  calculated  by  Melloni. 

I     M.  Melloni,  and  Professor  Forbes,  have  shown  by  decisive 

I  •^ments,  that  radiant  heat  is  refrangible  as  well  as  radiant 

;  %"tj  and  that  its  rays  differ  from  each  other  in  their  refran- 

iWty,  for  the  refrangibility  of  heat  from  different  sources 

"•  different.     The  rays  from  the  lamp  were  more  refran- 

fik  than  those  from  incandescent  platinum ;  and  these  last 

'•re  more  refrangible  than  the  rays  from  popper  heated  to 

Wo.* 

19.  In  the  earlier  experiments  of  Melloni,  he  did  not  find  ^^  . 
■it  the  rays  of  heat  were  polarized  when  passed  through  the 
iBQiDalin.  But  he  afterwards  found  that  this  conclusion 
>ii  basty,  and  that  the  tourmalin  polarizes  heat  as  well  as 
i|iit  The  truth  of  this  statement  is  shown  very  clearly 
7  Professor  Forbes.f  They  also  polarized  heat  by  plates 
f  nica,  and  also  by  reflection,  and  they  have  shown  that 
m  polarization  of  light  and  heat  follow  exactly  the  same 


Professor  Forbes  has  shown  that  the  action  of  crystal-  ^^^Jj^ 
ed  bodies  on  heat  is  precisely  the  same  as  on  light,  and  that 
it  is  capable  of  being  refracted  doubly  by  certain  crystals 
well  as  light,  and  that  by  them  it  is  dipolarizcd  as  is  the  case 
th  light.     He  has  shown  also  that  the  velocities  of  the  ordi- 


*  Ann.  de  Cbim.  et  de  Phys.  Iv.  367* 
t  Phil.  Mag.  (3d  series)  vi.  205.  and  xii.  540. 
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Chap.  I.   nary  and  extraordinary  ray,  in  doubly  refracting  crystals,  m 
totally  diflFerent  from  those  of  light.* 

21.  Professor  Forbes  has  made  an  interesting  set  of  expe- 
riments on  the  refrangibility  of  heat,  and  has  shown  that  it  ii 
less  refrangible  than  light.f  This  indeed  was  suflSciently  qIh 
vious  from  the  old  experiments  of  Herschell.  Bat  as  heit  if 
found  in  all  the  coloured  rays  of  the  spectrum,  I  do  not  lee 
how  it  can  be  denied  that  some  of  its  rays  are  as  refranpU^ 
as  the  violet  ray  with  which  they  are  mixed. 

22.  From  the  facts  stated  in  this  section,  it  appears  thttfe 
heat  is  propagated,  reflected,  refracted,  and  polarized  precud^' 
as  light  is.  Some  mediums,  as  air  and  sal  gemme, 
equally  all  sorts  of  calorific  and  luminous  rays ;  but  others 
differently  on  the  two  agents ;  sometimes  absorbing  more  ligk:^ 
than  heat,  and  sometimes  more  heat  than  light.  Some  absor^Q 
the  whole  luminous  rays  while  they  are  permeable  to  certvss 
calorific  rays,  while  others  absorb  the  whole  calorific  nf^ 
while  they  are  permeable  to  light. 

Analogous  differences  are  produced  in  the  difiuse  reflectiiyB 
which  the  two  kinds  of  rays  experience  at  the  surface  of  optqp^ 
and  athermic  bodies.  For  we  see  perfectly  white  bodies  re* 
fleet  or  absorb  very  different  proportions  of  heat,  according  to 
the  quality  of  the  calorific  rays ;  although  these  white  sor&os* 
absorb  all  the  rays  of  light  in  equal  proportions. 

Other  inequalities  depending  always  on  absorption,  a" 
evident  in  the  phenomena  of  polarization,  exhibited  by  ib^ 
tourmalin.  Here  the  two  bundles  into  which  a  ray  of  ligW 
divides  itself,  on  penetrating  into  the  interior  of  the  slices  ^ 
tourmalin,  are  so  modified  in  their  progressive  motions  th^ 
the  ordinary  ray  is  entirely  absorbed  during  its  passage,  aSBO 
that  the  extraordinary  ray  alone  presents  itself  at  the  m0^ 
gcnce  completely  polarized.  And  this  happens  whatever  ^ 
the  colour  of  the  incident  light.  The  same  thing  does  n^ 
take  place  with  the  rays  of  heat;  the  two  bundles  of  wliicPi 
produced  at  the  entry  into  the  polarizing  plates,  experieiic* 
absorptions  sometimes  very  different,  and  sometimes  perfectly 

*  Phil.  Mag.  (dd  scries)  liii.  106,  192.  f  Ibid.  liu.  180. 
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equal,  occasioning  great  differences  in  the  polarizations,  ac-    Sect  y. 
ccyrding  to  the  quality  of  the  calorific  rays. 

The  polarization  becomes  equal  for  all  kinds  of  rays  if  we 
produce  it  by  refraction  and  reflection,  which  are  quite  inde- 
pendent of  the  absorption  of  the  mediums. 

All  bodies  exposed  to  radiant  heat,  become  hot ;  and  when 
vcmoTed  from  the  action  of  the  rays  preserve,  for  some  time, 
tk  beat  acquired.     But  very  few  substances,  after  being  ex- 
posed to  light,  retidn  it  so  as  to  appear  luminous  in  the  dark. 
Heat  thus  absorbed  seems,  so  to  speak,  to  have  changed  its 
witaae.    It  forms  a  homogeneous  current,  and  the  mode  of  its 
tUDsmission  assumes  characters  quite  opposite  to  that  of  ra- 
Cant  heat  or  light.     It  diffuses  itself  through  the  body  in 
etcrj  direction,  precisely  as  the  heat  communicated  by  con- 
lid,  and  this  propagation  is  considerably  modified  by  the  dis- 
iheraent  of  the  different  parts  of  which  the  body  is  composed. 
Ught  and  radiant  heat,  on  the  contrary,  move  only  in  straight 
fces,  and  traverse  space  with  incredible  velocity,  without  being 
■ineDced  by  the  most  violent  agitation  of  the  medium  through 
yMdk  they  pass. 

The  laws  of  these  two  great  agents  of  nature,  and  the  mo- 
tteations  which  they  experience  by  the  action  of  ponderable 
fitter,  is  the  same  as  long  as  the  rays  move  freely.  But 
^Btenms  differences  appear  as  soon  as  the  motions  of  the  two 
^  of  rays  suffer  an  interception  either  at  the  surface  or  in 
■ciiterior  of  bodies. 

S3.  Sir  John  Leslie  accounted  for  the  radiation  of  heat  by 
■npoaing  that  the  source  of  heat  occasions  undulations  or 
Vsves  in  the  air,  and  that  heat  was  propagated  through  air 
nk  the  same  velocity  as  sound.     But  the  facts  ascertained 
if  MeDoni  and  Forbes,  are  quite  incompatible  with  such  an 
gphnation.      The  explanation  which   has  been  generally 
iiopted,  was  originaUy  started  by  M.  Prevost,  of  Geneva,  as 
Mrijr  as  1791,  and  was  afterwards  expounded  in  a  work  en- 
titled Du  Calorique  Bayonnant^  published  in  the  year  1809. 

Frerost  supposes  that  heat  is  a  discrete  fluid,  every  par-  TJ^^^^\ 
tide  of  which  moves  in  a  stridght  line.  These  particles  go  ndUtioDl 
iM  in  one  direction,  and  another  in  another,  so  that  every 
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Chap.  I.  sensible  poiDt  of  the  hot  space  is  a  centre,  from  which  depart, 
and  to  which  arrive,  rows  of  particles  or  calorific  rays.    Tbc 
consequence  of  this  must  be,  that  if  we  suppose  two  ndgh- 
bouring  spaces,  in  which  heat  abounds,  there  must  be  a  con- 
stant interchange  of  heat  between  them.    If  it  abounds  equally 
in  each,  the  interchanges  will  balance  each  other,  and  Hbc 
temperature  will  continue  the  same.     If  one  contwis  more 
than  the  other,  the  interchanges  will  be  unequal,  and  by  wl 
continued  repetition  of  these  unequal  changes,  the  temper»— 
tures  of  both  will  be  in  time  reduced  to  equality.     If  we  aop— 
pose  a  body  placed  in  a  medium  hotter  than  itself,  and  the 
temperature  of  that  medium  constant,  we  may  consider  the 
heat  of  the  medium  as  consisting  of  two  parts,  one  equal  to 
that  of  the  body,  the  other  equal  to  the  difference  between  th^ 
temperature  of  the  two.     The  first  of  these  two  parts  may  k« 
left  out  of  view,  being  counterbalanced  by  the  radiation  of  th^ 
body ;  the  excess  alone  requires  consideration,  and  relativdy 
to  that  excess,  the  body  is  absolutely  cold. 

According  to  this  theory,  all  bodies  are  constantly  em\t6xBg 
rays  of  heat  in  all  directions,  and  constantly  receiving  rays  oC 
heat  from  all  directions.  When  the  rays  emitted  and  the  r»y« 
received  are  equal  in  number,  the  temperature  remains  con- 
stant. VlTien  a  body  sends  out  more  rays  than  it  receives,  it> 
temperature  sinks  ;  when  it  receives  more  than  it  sends  out, 
its  temperature  rises.  If  a  body  be  placed  in  the  neighbour- 
hood of  another,  it  will  intercept  a  great  many  rays  that  wer« 
moving  towards  the  second  body,  in  the  direction  now  blocker 
up.  But  if  the  temperature  of  the  intercepting  body  he  the 
same  as  that  of  those  whose  rays  it  intercepts,  it  will  send  out 
as  many  rays  as  it  stops,  and  thus  the  temperature  of  tb* 
second  body  will  not  be  affected.  If  the  intercepting  body  b* 
colder  than  those  whose  rays  it  intercepts,  it  will  receive  moT^ 
than  it  Ccin  give  out ;  the  consequence  of  which  will  be,  tb«* 
the  temperature  of  the  second  body  will  be  reduced.  Tb« 
very  contrary  must  happen  if  the  intercepting  body  be  hott^ 
than  those  whose  rays  it  intercepts, 
radiation  of  This  theory  will  enable  us  to  explain  a  set  of  phcnomeo* 
plained.      which  have  occasioned  much  discussion,  and  been  consider^ 
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ly  some  as  incompatible  with  the  received  notions  concerning    Sect  V. 
leat ;  I  mean  the  apparent  radiation  of  cold. 

The  first  attempt  to  determine  the  effect  of  cold  radiated 

from  a  mirror,  was  made  by  the  Florentine  academicians,  in 

1667,  and  is  thus  related  in  the  essays  of  that  academy,  trans- 

lited  by  Mr  Waller.     "  We  were  willing  to  try  if  a  concave 

1^  set  before  a  mass  of  5001b.  of  ice,  made  any  sensible 

icpercussion  upon  a  very  nice  thermometer  of  400®  placed 

I  its  focus.     The  truth  is,  it  immediately  began  to  subside ; 

Wtby  reason  of  its  nearness  to  the  ice,  it  was  doubtful  whether 

Redirect  or  reflected  rays  of  cold  were  more  efficacious :  upon 

ill  account  we  thought  of  covering  the  glass,  (and  whatever 

>if  be  the  cause)  the  spirit  of  wine  did  indeed  presently  begin 

tiriie.    For  all  this  we  dare  not  be  positive,  but  there  might 

W  iQoie  other  cause  thereof,  besides  the  want  of  reflection 

hft  the  glass ;  since  we  were  deficient  in  making  all  the 

Msnecessary  to  clear  the  experiment."* 

Gaertner,  modeller  to  the  king  of  Poland,  repeated  this 
Cferiment  in  a  more  satisfactory  way  in  the  year  1781.  He 
Wrired  a  set  of  wooden  parabolic  mirrors,  which  he  gilded 
-Jitanially,  with  which  he  made  various  experiments.  Among 
^tten  was  the  following : — **  If,  instead  of  a  hot  body,  cold 
Viterbe  put  into  the  focus  of  the  mirror,  it  gives  out,  even  in 
■feaier,  an  agreeable  coolness.  But  if,  instead  of  cold  water, 
I  Bide  use  of  ice,  there  was  a  considerable  production  of  cold 
M  the  distance  of  ten  or  twenty  paces." 

lids  experiment  was  repeated  by  M.  Pictet  in  somewhat  a 
'tterent  manner,  and  the  account  of  it  published  by  him  in 
1792,  in  his  Essai  sur  le  Feu.  He  took  two  concave  mirrors 
iiriiferently  polished,  and  having  a  focus  at  nine  inches  dis- 
■oe,  and  placed  them  opposite  each  other  and  10^  feet 
'  iRDider.  A  delicate  air  thermometer  was  put  into  one  of  the 
in,  and  a  matrass  full  of  snow  into  the  other ;  the  thermome- 
ler  sunk  several  degrees,  and  rose  again  when  the  matrass 
vas  removed.  When  nitric  acid  was  poured  on  the  snow  the 
fbermometer  sunk  several  degrees  lower. 

*  Waller*8  translafion,  p.  103. 
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^*P*  ^'  This  experiment  has  been  considered  by  some  as  inexpG- 
cable,  unless  we  admit  the  radiation  of  cold.  The  snow,  it 
has  been  said,  is  not  absolutely  destitute  of  heat.  It  mint 
therefore  radiate  some  heat.  Consequently  its  presence  ooglit 
rather  to  raise  than  sink  the  thermometer.  But  this  objectioD 
can  be  insurmountable  to  those  only  who  have  not  taken  the 
trouble  to  make  themselves  acquainted  with  the  principles  of 
Prevost's  theory. 

To  explain  what  happens,  we  have  only  to  recollect  that 
heat  is  constantly  radiating  from  all  bodies  and  entering  into 
all  bodies,  and  that  while  the  temperature  continues  unaltered, 
the  rays  of  heat  lost  by  radiation  must  be  just  compensated 
by  the  rays  received.  From  the  nature  of  radiation  it  ii 
obvious  that  the  intensity  of  the  ray  must  be  inversely  as  the 
square  of  the  distance  from  the  radiating  object.  A  thenno* 
meter  in  a  room  may  be  considered  as  in  the  centre  of  t 
sphere  of  bodies  constantly  radiating  heat  upon  it.  The  rayi 
which  it  throws  out  just  compensate  those  which  it  receifSli 
and  consequently  its  temperature  remains-  unchanged.  Sop- 
pose  a  mirror  placed  in  its  neighbourhood,  it  will  interoepi 
a  considerable  number  of  rays  sent  to  the  thermometer  by  the  . 
surrounding  sphere.  Indeed,  if  it  be  near  enough  and  largo 
enough,  it  will  intercept  a  whole  hemisphere  of  these  raje* 
But  this  can  produce  no  change  upon  the  temperature  of  the 
thermometer,  because  the  difference  between  the  size  of  the 
mirror  and  of  the  hemisphere  intercepted,  will  be  exactly  coB- 
pensated  by  the  smaller  distance  of  the  mirror.  If  we  J^ 
the  thermometer  into  the  focus  of  the  mirror,  the  effect  wiu 
continue  the  same.  The  mirror  will  indeed  collect  the  Tip 
from  one  of  the  hemispheres,  and  reflect  them  upon  the  tbeff<- 
mometer ;  but  it  will  intercept  the  rays  from  the  other  hemi- 
sphere. The  temperature  of  the  thermometer  will  not  bo 
affected,  because  the  number  of  rays  sent  to  the  thermometer 
being  the  same,  it  can  make  no  difference  whether  these  ray^ 
be  supplied  by  reflection  or  radiation. 

Suppose  a  second  mirror  to  face  the  first.  The  cylinder 
of  rays  from  the  second  hemisphere  is  now  intercepted.  Bot 
then  all  the  rays  which  pass  through  its  focus  to  its  face  ar0 
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reflected  in  the  direction  of  the  intercepted  cylinder.     Thus  a    Sect  v. 
^linder  of  reflected  rays  is  formed  equal  to  and  instead  of  the 
Qtecepted  one.     The  temperature  of  the  thermometer  must 
tfill  continue  unaltered,  because  it  continues  to  receive  as  many 
nj%  as  it  emits. 

Let  us  now  place  a  hot  body  in  the  focus  of  the  second  re- 
Itttor.  The  cylinder  from  this  reflector  will  now  consist  of 
ta  extraordinary  number  of  rays,  which  will  be  collected  by 
Ik  other  mirror  and  sent  to  the  thermometer.  The  thermo- 
vter  will  now  receive  more  rays  than  it  emits,  and  conse- 
ftttly  will  rise.  Substitute  a  matrass  full  of  ice  instead  of 
^botbody  in  the  focus  of  the  second  reflector,  the  conse- 
fHDce  will  be  that  the  rays  which  would  have  otherwise 
IMd  through  the  focus  of  this  reflector  will  be  absorbed  by 
^iee.  Fewer  rays  will  make  their  way  to  the  other  mirror 
^  be  collected  into  its  focus.  The  thermometer  will  now 
ndiite  more  heat  than  it  receives,  and  of  course  will  fall. 
,  Whea  nitric  acid  is  poured  upon  snow,  the  temperature  sinks 
"■oot  40^ ;  it  will  therefore  radiate  still  less  heat  than  the 
'  ^   The  thermometer  therefore  must  sink  still  lower.* 

IWe  is  an  experiment  by  Count  Rumford,  which  he  con- 
^'cred  as  incompatible  with  the  common  opinions  respecting 
^vittion ;  but  which  admits  of  as  easy  an  explanation  as  the 
^BoGng  occasioned  by  the  snow  in  Pictet's  experiment.    *He 
"U  a  conical  metallic  tube  about  18  inches  long,  whose 
•■peuive  apertures  were  1  inch,  and  5  inches  in  diameter. 
Ae  inside  of  the  tube  was  polished  so  as  to  reflect  heat 
fpverfiilly  and  to  radiate  little.     This  tube  being  supported 
)■  a  horizontal  position,  the  focal  ball  of  a  differential  thermo- 
BBler  was  placed  at  the  larger  opening,  while  a  matrass  full 
4f  iee  was  put  before  the  smaller  opening.     The  thermometer 
4U  not  sink,  or  sunk  only  a  very  little ;  but  when  the  posi- 
tion of  the  ice  and  thermometer  was  reversed,  by  placing  the 
-ibrmer  before  the  wide  opening,  and  the  latter  in  the  narrow 
ripening  of  the  tube,  the  thermometer  now  sunk  a  considerable 

•  On  this  subject  the  reader  may  consult  Mr  Davenport's  paper.  Annals 
flf  Fldloaophy  (Ut  series),  p.  838,  and  BIr  Crampton  Holland's  paper  on 
tnlgect  in  the  Edin.  Transactions,  179. 

L 
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Chays  L  gpaee,  indicating  a  much  more  rapid  decrease  of  tempcnlB& 
This  experiment  is  easily  explained  by  the  appKcafion  of  F^ 
Tost^s  theory.  It  is  evident  from  the  well-known  laws  of  9f6K% 
that  the  incident  rays  of  heat  which  are  parallel  to  the  axis  6f 
the  tube  are  reflected  in  the  form  of  cones,  and  cross  ia  Ae 
axis.  However,  the  largest  hollow  cylinder  ef  incident  np 
will  form  the  focus  of  greatest  intensity ;  and  a  multitnds  6f 
other  rays  will  be  brought  by  complex  reflectiona  to  the  nne 
spot.  The  tube  is,  in  fact,  a  truncated  cone ;  for  the  smsOer 
end  has  a  diameter.  The  principal  focus  is  not  at  the  spex 
of  the  cone ;  but  short  of  it,  and  we  may  suppose  the  tkeina 
meter  placed  in  this  point.  Now,  it  is  easy  to  see  Hut  Ae 
rays  from  a  considerable  portion  of  the  surrounding  sphoe 
are  intercepted  by  the  tube ;  but  this  is  compensated  by  Ae 
rays  reflected  by  the  inside  of  the  tube,  and  falling  upon  Ae 
thermometer  placed  in  the  focus.  Hence  a  tfaennomBftff 
placed  at  the  narrow  end  of  the  tube  undergoes  no  altentka 
whatever ;  but  when  the  matrass  with  ice  is  placed  at  Afr 
wide  end  of  the  tube,  it  intercepts  the  incident  rays  wUeh 
would  have  been  reflected  from  the  inside  of  the  tube  190B 
the  th  ermometer.  The  thermometer  now  radiates  man  heit 
than  it  receives,  and  must  therefore  fall. 

The  radiation  of  heat  being  understood,  we  are  endUedli 
explain,  by  means  of  it,  a  variety  of  natural  phenomeaaof  i 
▼ery  interesting  nature.  I  may  give  an  example  or  twa  ii 
enable  the  reader  to  perceive  the  importance  of  this  psiiif 
the  doctrine  of  heat. 

^>«  of  1.  It  is  to  the  radiation  of  heat  that  we  are  ixidehted  tat  tk 
condensation  of  dew,  to  which  plants  are  so  much  iadriitsdfv 
their  nourishment,  as  was  first  satisfactorily  ^yplpi«ft^  by  I* 
Wells  in  his  Essay  oh  Dew^  which  constitutes  one  of  the  lii^ 
beautiful  examples  of  inductive  reasoning  in  the  £a^ 
language.  To  understand  the  way  in  which  dew  ia  fonae^^ 
Is  necessar  y  to  know  that  water  is  capable  of  being  coavertlA 
into  vapour  at  all  temperatures  from  33^  to  212^:  benesiki 
atmosphere  is  seldom  or  never  destitute  of  aqueous  vapour- 
But  the  absolute  quantity  that  can  exist  depends  upon  tha  j 
temperature.     At  32o  it  can  contain  only  troth  of  its  vofaM 
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if  Yiponr,  while  at  52^  it  can  contain  ^^^th  of  its  volume.    Sect.  v. 

Wken  air  containing  vapour  diminishes  in  its  temperature,  a 

fvtkm  of  its  vapour  is  usually  condensed  into  water.     The 

mmmi  of  the  diminution  of  temperature  necessary  to  cause 

air  to  deposit  moisture  depends  upon  the  quantity  of  vapour 

'vlidi  it  ooDtains.     If  the  quantity  be  as  great  as  can  exist  at 

Ae  given  temperature,  then  the  smallest  diminution  of  tem- 

fnfcure  will  occasion  the  deposition  of  humidity ;  but  if  air 

it  Ti9  contain  only  as  much  vapour  as  it  can  retain  at  the 

taporature  of  52®,  it  is  obvious  that  it  most  be  cooled  below 

8^  before  it  begin  to  deposit  moisture. 

Daring  the  day  a  good  deal  of  wat^  is  converted  into 
Vipnr  firom  the  surfeu^  of  lakes,  seas,  and  rivers,  and  from 
ittcnih  itself,  and  mixes  with  the  atmosphere.  The  tem- 
(Bltoe  of  the  atmosphere  usually  sinks  considerably  after 
>M^  and  is  often  20^  or  30®  colder  than  at  the  hottest  part 
tf  tk  day :  hence  it  must  approach  much  nearer  the  point 
rfdeponting  moisture  than  during  the  day.  The  greatest 
ihiiiui  between  the  temperature  of  day  and  night  takes 
fm  m  this  country  in  spring  and  autumn,  and  these  are  tbe 
■Mm  in  which  the  most  abundant  dews  are  usually  deposited. 
IWy  nights  are  usually  clear ;  on  cloudy  nights  dew  seldom 

ftk 

Ihoy  years  ago,  a  curious  set  of  experiments  on  dew  was 

■rii  by  M.  I>ufity.     He  placed  a  glass  cup  in  the  middle  of 

^thcr  basin,  and  left  both  in  the  open  air  during  a  dewy 

%hL    Next  morning  the  silver  basin  was  found  dry ;  but  the 

iNi  cop  was  wet  with  dew.     When  the  expmment  was  re- 

by  placing  a  silver  cup  in  the  middle  of  a  glass  basin, 

was  still  moist  and  the  silver  dry.*    These,  and  many 

■milar  experiments,  remained  unexpUuned  till  Dr  Welb 

his  attention  to  the  subject.     It  is  only  necessary  to 

%  Aaft  the  metals  are  bad  radiators  of  heat,  while  glass  is 

.^|iod  ra£ator :  hence  in  a  cloudless  night  the  temperature 

4  As  glass  exposed  to  the  aspect  of  the  sky  will  sink  much 

*>ir  than  that  of  metals ;  it  wiU  cool  the  air  in  its  neighbour- 

*  Mem.  IV.  1736,  p.  352. 
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Chap.  I.  hood  more,  and  of  course  dew  will  be  deposited  on  it  in  pre- 
ference. Dr  Wells  found,  as  Mr  Six  had  done  before  him, 
that  a  thermometer  laid  on  a  grass  plot  in  a  clear  night  sunk 
6^,  8^,  13o,  or  even  20^  lower  than  a  thermometer  hung  at 
some  height  from  the  ground ;  because  grass  radiates  belt 
well.  In  short,  dew  is  deposited  on  those  substances  which 
radiate  heat  well ;  while  it  avoids,  for  an  obvious  reason,  all 
bad  radiators.  These  depositions  do  not  take  place  on  doodj 
nights,  because  clouds  radiate  the  heat  back  again,  and  thus 
prevent  the  temperature  of  good  radiators  from  sinking  much 
below  that  of  the  atmosphere. 
Depottition      2.  In  frostv  weather  moisture  is  almost  always  condensed 

of  moMtiire  -^  /       •       l 

on  win.  upou  the  iuside  of  the  windows  of  our  apartments  (during  the 
night  when  the  room  is  without  fire),  in  the  form  of  dew  or 
hoar  frost.  The  glass,  being  a  good  radiator,  is  spee^If 
cooled  below  the  temperature  of  the  room.  Vapour  from  the 
air  in  the  apartment  is  consequently  condensed  upon  it,  and 
it  assumes  the  form  of  dew  or  hoar  frost  according  to  the  teor 
perature  of  the  glass.  This  condensation  is  much  mofe 
abundant  when  the  window  shutters  arc  closed  than  whet 
they  are  left  open.  Because  in  the  latter  case  the  radiatioa 
from  the  different  parts  of  the  room  upon  the  window  supfdies 
a  considerable  portion  of  the  heat  radiated  by  the  glass,  and 
prevents  the  temperature  from  sinking  so  low. 

Formation  3.  Dr  Wells  has  shown,  by  a  very  happy  induction,  that  the 
formation  of  artificial  ice  in  India  depends  upon  the  radiation 
of  heat  from  the  surface  of  the  water.  The  nights  which 
answer  best  for  making  this  ice  are  clear  and  calm.  The  water 
is  put  in  shallow  pans,  and  it  is  so  placed  that  the  heat  from 
the  ground  cannot  easily  penetrate  to  it.  The  congelation  tf 
usually  greatest  before  sun-rise,  and  as  dew  is  copiously  do- 
posited  it  is  obvious  that  no  evaporation  can  take  place  fro0 
its  surface ;  so  that  the  explanation  of  this  process  fonneny 
given  by  Dr  Black,  namely,  the  cold  produced  by  evaporation 
is  fallacious.* 

m  From  a  passage  in  Joscphus,  De  Bello  Judaico>  lib.  iii.  cap  z«i  V^ 
graph  7>it  appears  that  the  making  of  artifidal  ice  was  practised  l^thele*^ 
Describing  the  lake  of  Gennesarcth,  he  says,  Kmi  r§  ^u  i^  •»  ••* 
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4.  In  this  country  it  is  not  uncommon  for  cold  nights  to  Chap,  ii, 
oecor  in  the  month  of  May,  when  the  fruit  trees  are  in  bios-  Useof  mau 
torn.    In  such  cases  careful  gardeners  are  in  the  habit  of  pu^uT^^ 
torering  up  those  trees  and  plants  that  would  be  injured  by 
liie  cold,  with  mats,  and  the  precaution  is  generally  successful. 
These  mats  act  simply  by  preventing  the  heat  from  escaping 
fram  the  plant  by  radiation;   as  they  radiate  as  much  or 
dmost  as  much  back,  as  they  receive  from  the  plant     The 
ttU  weather  is  usually  over  before  the  mat  is  cooled  down 
10  low  by  the  action  of  the  sir  as  to  cease  to  compensate  to 
^  plant  for  the  loss  of  its  heat  by  radiation. 
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All  the  substances  in  nature  exist  either  in  the  state  of 
•Bdi,  liquids,  or  gases,  and  the  state  depends  upon  the  tem- 
fWore  to  which  they  are  exposed.  There  are  many  bodies, 
Hieh  in  the  common  temperature  of  our  atmosphere  are 
^;  but  which  become  liquid  when  exposed  to  a  tempera- 
'  ^  sufficiently  high.  Tin  and  lead  are  solid  metals ;  but  they 
'^QOBe  liquid  when  exposed  to  a  temperature  below  ignition. 
Bi^imr  melts  at  a  still  lower  temperature ;  and  water  be- 
*>M  liquid  at  so  low  a  temperature  that  in  this  country  it 
*very  seldom  in  a  solid  state. 
AD  the  solid  bodies  with  which  we  are  acquainted  are  cap-  ^^^  *?^^ 

j^i  maybe 

4b  of  being  converted  into  liquids  by  temperatures  which  we  foM^f 
Wb  it  in  our  power  to  produce ;  with  one  remarkable  excep-  diamond. 
&0,  namely,  the  diamond;  which  it  has  been  hitherto  impos- 
■Ue  to  melt  by  the  application  of  heat.     But  this  does  not 
Mrtitnte  a  true  exception  to  the  general  law,  that  all  solids   ' 

J^^mHtf»  Im^  h^nt  fv»r§f  vrum  U»s   rut  i«y;^M(i««r.*     "  The  water 

idke  exposed  to  the  aspect  of  the  sky  during  summer  nights  does 
kmt  its  snowy  coldness ;  bat  resembles  the  ice  which  the  inhabitants  of 
are  in  the  habit  of  maldng  during  summer.*' 
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Chap.  II.  may  be  rendered  liquid  by  beat.  Because  the  diamond^  in  con- 
sequence of  some  of  its  properties,  cannot  be  exposed  tot 
temperature  so  high  as  some  other  bodies  can.  Lime  and 
magnesia  were  long  considered  as  infusible  by  heat ;  aad  it 
was  not  till  they  were  exposed  to  the  very  high  tempetaftnre 
produced  by  burning  a  mixed  stream  of  oxygen  and  hydn^goi 
gases  that  their  refractory  nature  was  overcome.  Bat  tlie 
diamond  cannot  be  exposed  to  such  a  test,  because  it  ii  a 
combustible  body,  and  catches  fire,  and  is  consumed  at  con- 
paratively  low  temperatures.  Nor  can  we  expose  it  to  a 
sufficiently  high  temperature  to  fuse  it  in  dose  vessels ;  be- 
cause with  many  substances,  as  iron,  it  combines  when  strong 
heated  with  them,  and  because  it  is  probably  as  refractory  or 
more  so  than  lime  or  magnesia,  in  vessels  of  which  it  cannot 
therefore  be  heated  with  any  chance  of  fusion.  Charcoal  ii 
in  the  same  predicament  with  the  diamond,  because  its  nature 
is  very  nearly  the  same  with  that  of  the  precious  stone.* 

There  is  a  vast  difference  in  the  temperatures  requisite  to 
fiise  different  solid  bodies.  Lime,  magnesia,  alumina,  ni 
the  other  earthy  bodies,  together  with  silica,  are  so  refiracftoiy 
that  they  have  been  fused  only  in  minute  particles  by  an  i 
ted  current  of  oxygen  and  hydrogen  gases.  Platinum 
be  fused  in  our  furnaces,  but  it  yields  before  the  blowpp^^ 
urged  by  a  stream  of  oxygen  gas.  Dr  Clarke,  by  his  ox; 
and  hydrogen  blowpipe,  melted  100  grains  of  platinum, 
kept  it  in  fusion  for  some  minutes.  Iron  may  be  melted  in 
good  draught  furnace.  Mr  Mushet  in  this  way  mdted  pi 
of  iron  about  half-an-ouncc  in  weight ;  and  Sir  George 
kenzie  fixed  its  fusing  point  at  158^  Wedgewood*  Gold 
copper  melt  easily  in  a  wind  furnace ;  and  silver  may  befi 
in  a  common  fire  urged  by  a  pair  of  bellows.  Zinc  and 
mony  melt  at  about  a  red  heat;  lead,  bismuth,  and  tin, 
temperatures  considerably  lower;  and  the  fusing  point  ^ 
mercury  is  so  low  that  in  this  country  we  never  see  it  iia  * 

*  Dr  Silliman  is  of  opinion  that  he  mdted  diarcoal  by  eiposuy  it  ^ 
the  intense  heat  of  Dr  Hare's  deflagrator.  I  repeated  the  expefURBta^ 
obtained  a  microscojnc  bead ;  but  it  consisted  of  the  earthy  Baltas  ^ 
which  charcoal  b  never  destitute. 
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iddflttte,  except  when  we  ei^oee  it  to  the  action  of  a  frees-  cimi»»  ii> 
if  mctere. 

&  is  BO  less  trap  that  all  liquid  IxxUeB  become  solid  when  Li^iaiite  ' 
leapoie  them  to  a  temperature  sufficiently  low.  Thus  toaier  eaoguJmi. 
a  frosty  weather  is  changed  into  ice.  Olive  oil  becomes  solid» 
Be  tallow,  when  cooled  down  sufficdently  low.  Oil  of  tur- 
fotiie  requires  a  much  more  intense  cold  to  freeze  it ;  but 
tte  leather  is  occasionally  cold  enough  even  in  this  country 
Id  case  it  to  congeal.  Neither  mercury  nor  sulphuric  ether 
cvwfreexe  in  Great  Britain.  But  they  would  have  congealed 
^HdviUe  island,  where  Captain  Parry  wintered;  for  the 
inoneter  at  some  little  distance  from  the  ship  stood  at 
'-^,  which  is  about  10<>  degrees  lower  than  the  freezing 
IHBt  of  sulphuric  ether. 

Here  is,  however,  one  liquid  which  has  never  yet  been  Sj?**** 
i;  at  least  the  evidence  that  it  has  been  is  somewhat 
^utirfMrtory.  This  liquid  is  alcohol.  Common  spirits 
'^  in  severe  colds ;  but  absolute  alcohol,  or  alcohol  of  the 
focifie  grmvity  0*798,  did  not  congeal  when  it  was  exposed 
h  Ifr  Walker  to  a  cold  of  — 90o.  It  was  indeed  announced 
*  1813,  in  the  Edinburgh  newspapers,  and  repeated  in  the 
iQQitific  journals,  that  Mr  Hutton  had  suoceeded, Jiiy  a  pecu^ 
^process,  which  he  kept  secret,  in  congealing  it  by  reduc- 
^it  to  the  temperature  of  — 110^.  But  Mr  Hutton's  alco- 
U  vas  obviously  weak.  Professor  Leslie,  if  I  understand 
^  rightly,  exposed  absolute  alcohol  to  a  cold  of  — 120^ 
^uMHit  observing  any  congelation.* 

Alcohol  excepted  (if  it  really  constitute  an  exception),  all 
*pid8  are  converted  into  solids  when  exposed  to  a  sufficiently 
^  tonperature ;  and  the  diamond  excepted,  all  solids  are 

*  M.  Bwj  moistened  a  quantity  of  cotton  with  liquid  sulphurous  acid 

^*^  tad  liquefies  at  about  — .lO^),  wrapped  it  round  the  bulb  of  a  thermo- 

in  the  reodTer  of  an  air-pump»  and  exhausted  the  recelTer.    Tho 

■aak  to  — 00^*5.     Alcohol  of  0*85>  exposed  to  the  same 

became  solid.     It  has  been  stated  in  a  preoedmg  part  of  this  V6- 

that  Muocke  has  calculated  the  point  of  congelation  of  absolute 

ts  he  .U40<»)  but  Mr  Kemp  coolad  it  down  to  —168^  bf 

tf  solid  ctrbonic  add,  yet  it  still  retained  its  liquid  fiorB. 
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Cfca^iK  converted  into  liquids  when  exposed  to  a  suflBciently  high 

pcraturc.  Fluidity  then  is  a  very  general  effect  of  heat^  and 
heat  is  obviously  the  efficient  cause  of  fluidi^.  The  additioo 
of  heat  converts  a  solid  into  a  fluid,  while  die  abstractioo  of 
heat  converts  a  fluid  into  a  solid. 

When  we  compare  fluidity  and  expamUmj  we  find  thia  r^ 
markable  difference  between  them.  Expansion  takes  place  at 
every  temperature,  and  is  the  constant  concomitant  of  the 
addition  of  heat;  but  fluidity  never  takes  place  till  bodiea 
are  heated  up  to  a  particular  degree.  This  point  is  constant 
in  every  particular  body,  so  as  to  characterixe  and  distingush 
it  firom  every  other.  If  the  body  be  usually  solid,  we  caD  the 
point  at  which  it  changes  to  a  liquid  the  mdtmg  pomi  $  bnty 
when  the  body  in  the  usual  temperature  of  the  atmosph^ 
liquid,  the  point  at  which  it  changes  its  state  and 
solid,  is  called  itsfieezit^  point.  Thus  we  talk  of  the 
point  of  lead,  sulphur,  and  tallow,  and  of  ihtfrtezbug  point  of 
water,  oil,  mercury. 

As  this  point  constitutes  a  remarkable  fact  in  the  history  of 
bodies,  it  will  be  worth  while  to  exhibit  a  tabular  view  of  the 
melting  pouts  of  those  bodies  which  have  been  detenninedl 
with  tolerable  accuracy. 

Mdliag 


Cast  iron  melts  at 

2786*       . 

DanieU      ' 

Silver  with  \  gold 

2050 

Princep* 

Copper 

11^ 

Daniell 

^'ilver  with  |^  gold 

11*20 

Princep* 

Silver    . 

1873 

DanieU 

Silver 

1S30 

Princep* 

Br&>t 

1  sr,^ 

DanieU 

Antimony 

MO 

klortimer 

Zioc 

773 

DanieU 

Leail 

G12 

DanieU 

1^'ad 

•kHi-5      . 

Crichtoov  jan. 

ISiftUiUth 

41*7 

Crichton*  jaiL 

Tin 

442 

CrichtoOt  fcn. 

*  Phil.  Trans,  lese,  p.  70.    Thcto  ndting  points  were 
the  dilatatiun  of  air. 
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FUirenhdU 

i  atom  lead  +  1  atom  tin  ses^'-G 
1     bumuth  +  1  tin  289*4 

1  zinc  +  -1  tin  399*2 


Snlplmr    • 

218 

Bees'  wax  (bleached) 

142 

Spermaceti 

112 

Fhosphoras 

108 

Tallow     . 

92 

Olive  oil 

36 

lee 

32 

link 

30 

l^negar    • 

28 

Seftwater 

27-5 

Blood       .        .        . 

25 

Wines 

20 

Oil  of  tmrpentine 

14 

Sall^iuic  acid  • 

1 

.      —39 

Mitne  acid 

.     — 45-5 

Sulphuric  ether 

.      -46 

Obsorer. 

Rudberg* 

Rudberg 

Rudberg 

Irvine 

Nicholson 

Nicholson 

Thomson 

Nicholson 


Chap.  II. 


Naime 


Margueron 

Cavendish 

Cavendish 

C  Fourcroy  and 

^  yauquelin.f 

b   certain    circumstances  liquids  may  be  cooled  down 
degrees  below  their  freezing  point  before  they  begin 
to  congeal.    The  late  Mr  Crichton,  of  Glasgow,  observed  that 
melted  in  a  crucible  may  be  cooled  down  to  438o  or  4^ 
its  freezing  point ;  but  the  instant  it  begins  to  congeal 
tbemioiiieter  plunged  in  it  rises  up  to  442^,  and  continues 

^  Ami.  de  Chim.  et  de  Phys.  xlviu.  369. 
f  Tbe  foOowing  mehing  points  of  alloys  of  tin  and  lead  (though  they 
)  mat  agree  with  I 
texeeorded:^ 


f     ^»»       A««B«BB# 

««agy^    ^m-m0wr^m  ■■■■.■^ 

Tin. 

1  atom 

Alhqrtf 
+       ] 

Lead. 

I  atom 

Point  Of  Aitkin.l 
466<> 

2 

+       J 

I          .       ^. 

385 

3 

+       1 

I          •         • 

867 

4 

+       1 

I                  •                  a 

872 

5 

+       1 

L              •              • 

381 

He  eompound  of  easiest  fusion  is  that  of  3  atoms  tin  and  1  atom  lead. 
ceiMiund  changes  its  volume  very  little  when  the  two  metals  are 
ggetber*    The  mdting  point  of  lead,  according  to  Kupffer.  is  633o» 
flf  tin  4469^    See  Amu  de  Chim.  et  de  Pbys.  zl.  d02« 
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<^«p-  ii«  at  that  point  till  the  whole  tin  has  become  Bolid.  I  hafv 
coole<l  water  in  thermometer  tubes  to  8<>,  and  once  to  5<>,  Ins 
fore  it  bi^rran  to  freeze.  In  all  such  ca^^es,  whcncrer  the  liquid 
begins  to  freeze,  a  tbennometer  phinged  in  it  immediately 
stiirts  up  to  the  frrezin^  |>oiiit  of  the  liquid,  and'  continoei  ti 
that  point  till  the  whoU*  liquid  has  congealed.  The  '■^^•■l 
that  any  solid  body  is  dropt  into  water  cooled  down  belov  the 
freezing  point,  it  bf^irins  to  congeal.  The  nature  of  the  solid 
seems  to  be  indifferent :  a  pin,  a  grain  of  salt,  a  jMaee  of 
vegetablci  animal  or  mineral  substance.  Agitation,  or  efcn 
wind,  provided  all  solid  matter  be  excluded,  does  not  eeen  to 
occasion  the  commencement  of  con&relation.  These  phcDO 
roena  show  an  analog\-  between  the  separation  of 
elasti(*ity.  For  thi*  (*on«;olation  is  occasioned  by  the 
tion  of  a  certain  ({uantity  of  heat  from  the  liquid. 

MiuUnli.        ^^1>cn  salts  are  tiissolred  in  water,  it  is  well  known  tbai  its 


tcrinf  the  free/in^  point  is  in  most  oases  lowered.  Thus 
water.  does  not  freeze  so  readily  as  pure  water.  Tlie  ezperiaeots 
of  Sir  Cliarles  Hlagden  have  given  us  the  point  at  which  a 
considerable  number  of  these  s<»lutions  congeal.  The  renk 
of  his  trials  may  lie  seen  in  the  following  tabic:  the 
column  contains  the  names  of  the  salts ;  tlie  second  the  qi 
tity  of  salt,  by  weight,  dissolved  in  100  parts  of  water;  and 
the  third,  the  freezing  point  of  the  solution  : — ^ 

Sann  ufSftlu.  Prnporttoa.  Timatm^pamtL 

C«iiiiiiK»n  Halt  •         .         ^  •         .  4 

Sul  iiiniuouiuc  .  .  'JO  .  .  S 

UocLelle  Milt   .  .>0         .  21 

Kpbom  riolt,  or  sulpliuu*  uf 

Nit  IV      .  12-.5       .  M 

Sul|iliiilr  i'f  iron  llHi       •         .  2S 

SiiljiliuU;  of  xiiit'        .  .  r»3*3       •  •  2S^« 

From  this  table  it  appears  that  common  salt  is  by  far  theoiosi 
etficacious  in  lowcrlnir  the  freezing  point  of  water.  •\  soli^ 
tion  uf  23  partd  of  2»alt  in  100  of  water  freezes  at  4**. 
8olutiutD»9  like  pure  water,  may  be  cooled  down 

•  See  PkiL  Truit.,l76B,  p,  277. 
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Wow  their  fipeezing  point  without  coDgealing ;  and  in  that 
cue  the  congelation  is  produced  by  means  of  ice,  just  as  in 
oommon  water,  though  more  slowly. 

When  the  proportion  of  the  same  salt  held  in  solution  by 
is  yaried,  it  follows,  from  Sir  Charles  Blagden's  experi- 
that  the  freezing  point  is  always  proportional  to  the 
tpaatitj  of  the  salt.  For  instance,  if  the  addition  of  y^^th  of 
ttk  to  water  lowers  its  freezing  point  10%  the  addition 
cf  i^ths  will  lower  it  20^ :  hence,  knowing  from  the  pre- 
ceding  table  the  effect  produced  by  a  given  proportion  of 
wait,  it  is  easy  to  calculate  what  the  effect  of  any  other  pro- 
portion will  be.  The  following  table  exhibits  the  freezing 
points  of  solutions  of  different  quantities  of  common  salt  in  100 
^  water,  as  ascertained  by  Blagden's  trials,  and  the 
points  calculated  on  the  supposition  that  the  effect  is  as 
the  proportion  of  salt : — 

oTnitto 


3-12 
4-16 
6-25 

lOOO 

12-80 

16-1 

20 

22-2 

25 


Freezing  point  by 
cxperimeoU. 

Da  by  calcuUtion. 

28  + 

28-5 

27-5 

27-3 

25-5 

25 

21-5 

20-75 

18-5 

17-6 

13-5 

14 

9-5 

9-8 

7-2 

7 

4 

4 

experiments  of  Despretz*  do  not  show  the  same  re- 
,  M  will  appear  from  the  following  tables,  showing  the 
points  of  solutions  of  anhydrous  carbonates  of  potash 
nnd  chlorides  of  sodium  and  calcium,  in  different 
ympottioDB  in  water : — 


1.  aLKBONATB  OF  POTASH. 

In  1000  water.  Freeiing  point. 

6-173  .  .  -  31^-66 
12^6  •  .  .  31-325 
14-G92        .  30-605 


It 


^  Pugg^MlyiflTi  AMulen*  zli.  495. 
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Cha^IL 

StlldlMl««dlnlOO0vaur.                           FfMrintpotaC 

37-039                                  31^703 

74-078                          .        31-532 

148*166                         .        30-488 

2.  CARBONATB  OF  SODA. 

8Alt  dlMolvid  In  1000  vatv.                           P^Mttaf  polac 

6-173                 .                 31  ••248 

12-346                                   30-816 

24-692                 .        .        29-970 

3.  CHLORIDE  OF  SODIUM. 

StfldlMolvtdkolOOOvatv.                           FkMU«PO«at 

6173        .        .        .        31*-712 

12-346                 .         .         30-402 

24-692                                  29-462 

37-039                 .                 28-184 

74-078                 .        .         24-188 

148-156                 .                  14-440 

4.  chLoridb  of  calcium. 

.     1  SdtdiMohrtdlnlOOOwuw.                            Friirt^potil 

6-173                .                310-284 

12-346        .                 .        30-726 

24-692        .        .                 30-146 

37-039                         .        29-102 

74-078                 .                 25-592 

148-156                                  15-962 

3.  The  strong  acids,  namely»  sulphuric  and  nitricy  vfaii 
are  in  reality  compounds,  containing  various  proportioot 
water  according  to  their  strength,  have  been  shown  by  S 
Ca?endish,  from  the  experiments  of  Mr  Macnab,  to  Tarj 
a  remarkable  manner  in  their  point  of  congelatioD,  acoordn 
to  circumstances.  The  following  arc  the  most  importa 
points  respecting  the  freezing  of  these  bodies  that  hare  be 
ascertained: — 

Wlien  these  acids,  diluted  with  water,  are  exposed  to  ool 
the  weakest  part  freezes,  while  a  stronger  portkm  rcmai 
liquid ;  so  that  by  the  action  of  cold,  they  are  separated  is 
two  portionsy  differing  very  much  in  strength*    This  baa  bt 
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termed  by  Mr  Cayendish  the  aqueous  congelation  of  these  Chap.  ir> 


When  they  are  very  much  diluted,  the  whole  mixture,  when 
exposed  to  cold,  undergoes  the  aqueous  congelation ;  and  in 
that  case,  it  appears  from  Blagden's  experiments,  that  the 
freezing  point  of  water  is  lowered  by  mixing  it  with  acid  rather 
in  a  greater  ratio  than  the  increase  of  the  acid.  The  following 
table  exhibits  the  freezing  point  of  mixtures  of  yarious  weights 
of  sulphuric  acid,  of  the  density  1*837  (temperature  62^),  and 
of  nitric  acid  of  the  density  1*454,  with  100  parts  of  water  : — 


flulphoric  Add. 
JftBriTil'**'  of  add.  Freeting  point 

10  .  24-5 


Nitric  Add. 
Flropoition  of  add.        lYceiing  point. 

10  .  22 


20  .  12-5  .  20  .  10-5 

25  .  7-5  .  23-4        .  7* 

The  concentrated  acids  themselres  undergo  congelation 
wlien  ez{K>8ed  to  a  sufficient  degree  of  cold ;  but  each  of  them 
T^^Mi  a  particular  strength  at  which  it  congeals  most  readily. 
When  either  stronger  or  weaker,  the  cold  must  be  increased. 
The  following  table,  calculated  by  Mr  Cayendish  from  Mr 
MacnaVs  experiments,  exhibits  the  freezing  points  of  nitric 
acid  of  rarious  degrees  of  strength  : — f 


1-42 

Strength. 

568 

Freedng  point. 

—45-5 

Diffte6no6. 

+  15-4 

1-41 

538 

—30-1 

+12 

1-39   .     . 

508 

—18-1 

+  8-7 

1-37 

478 

—  9-4 

+  5-3 

1-35 

448 

—  4-1 

+  1-7 

1-33 

418 

—  2-4 

—  1-8 

1-31 

388 

—  4-2 

—  S'S 

1-28 

358 

.        —  9-7 

—  8 

1-26 

328 

—17-7 

—10 

1-23 

298 

—27-7 

Mttriotdd. 


The  following  table  exhibits  the  freezing  points  of  sulphuric 
and  of  Yarious  strengths  : — X 

#  FldL  TVanf.  178Q,  p.  303.      ''* 

\  The  strength  li  indicated  by  the  quantity  of  nuirble  necessary  to  saia- 

1000  parts  of  tbe  add.    Phil  Trans.  1788,  p.  174. 
I  FhiL  Tram.  1788»  p.  181. 
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Ckay^  IL  SfMcifitgnvitju  :  Slrci^tli. 

1-837  .  977  +    1 


Sf'"*^  1-827  :  918  .  .126 

1-770  .  846  +42 

1-670  .  758  •  —45 

Mr  Keir  had  previonsly  ascertained  that  sidplrarie  aad  tf 
the  specific  grayity  1*780  (at  60®)  freezes  most  emSjjmpBt' 
ing  only  the  temperatnre  of  46o«  This  agrees  nearly  inAtb 
preceding  experimcsits,  as  Mr  Cavendish  infonna  ns  Ait 
stdphuric  acid  of  that  specific  gravity  is  of  the  slreugtik  848i 
From  the  preceding  table  we  see,  that  besides  this  strengtt 
of  easiest  freezing,  sulphuric  acid  has  another  pohut  of  oontmj 
flexure  at  a  superior  strength ;  beyond  this,  if  the  atrength  be 
increased,  the  cold  necessary  to  produce  congelatioi  b^gin 
again  to  diminish. 
Dr  Btack'k  4.  Before  Dr  Black  bei^an  to  deliver  his  chemical  ledani 
in  Glasgow,  in  1757,  it  was  universally  supposed  that  soGdi 
were  converted  into  liquids  by  a  small  addition  of  heat  ate 
they  have  been  once  rused  to  the  melting  point,  and  that  di9 
returned  again  to  the  solid  state  on  a  very  small  dimimitiaiif 
the  quantity  of  heat  necessary  to  keep  them  at  that  tempos 
ture.  An  attentive  view  of  the  phenomena  of  liquefiur&niii 
solidification  gradually  led  this  sagacious  philosopher  to  ob- 
serve their  inconsistence  with  the  then  received  opinionfl)  ^ 
to  form  another,  which  he  verified  by  direct  experiments.  B» 
drew  up  an  account  of  his  theory,  and  the  proofs  of  H,  wUv 
was  read  to  a  literary  society  in  Glasgow  on  April  83, 176St 
and  every  year  after,  he  gave  a  detailed  account  of  tiie  wbA 
doctrine  in  his  lectures. 
Thitflaid.  The  opinion  which  he  formed  was,  that  when  a  solid  boJf 
aioned  by  is  converted  into  a  liquid,  a  much  greater  quantity  of  i^ 
^■•■"^  **••*•  enters  into  it  than  is  perceptible  immediately  after  by  the  tb»* 
mometer.  This  great  quantity  of  heat  does  not  make  Ae  bo^ 
apparently  warmer,  but  it  must  be  thrown  into  it  in  order  ** 
convert  it  into  a  liquid;  and  this  great  addition  of  heat  isA^ 
principal  and  most  immediate  cause  of  the  flmdity  iaiaf^ 

*  Black*8  Lectures,  prefiMCv  p.  S8L 
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On  tbe  other  hand,  when  a  Uquid  body  asBixBies  die  form  of  a  Chap^  i J. 
floGd,  a  jerj  great  quantity  of  heat  leaves  it  without  sensibly 
hmritihing  its  temperature ;  and  the  state  of  solidity  cannot  be 
adnced  without  the  abstraction  of  this  great  quantity  of  heat. 
Or,  in  other  words,  whenever  a  solid  is  converted  into  a  fluid,  it 
fhiiitu  with  a  certain  dose  of  heat,  without  any  augmentation 
rfitstcmperalare ;  and  it  is  this  dose  of  heat  which  occasions 
thsdiuge  of  the  solid  into  a  fluid.  When  the  fluid  is  con- 
ivlid  again  into  a  solid,  the  dose  of  heat  leaves  it  without 
i^  diminntion  of  its  temperature ;  and  it  is  this  abstraction 
lUi  occasions  the  change.  Thus  the  combination  of  a  cer- 
tfidose  of  heat  with  ice  causes  it  to  become  water,  and  the 
lion  of  a  certain  dose  of  caloric  from  water  causes  it  to 
ice.  Water,  then,  is  a  compound  <^  ice  and  heat ; 
^  in  general,  all  fluids  are  combinations  of  the  solid  to  which 
tt^nay  be  converted  by  cold,  and  a  certain  dose  of  heat. 

Sscfa  is  the  opinion,  concerning  the  cause  of  fluidity,  taught 
^I^  Black  as  early  as  1762.  Its  truth  was  established  by 
ikBlBDowiog  experiments : — 

BnL  If  a  lamp  of  ice,  at  the  temperature  of  22o,  be  brought  ^^^^  ^ 
"^a warm  room,  in  a  very  short  time  it  is  heated  to  32^,  the  ment.  / 


point.     It  then  begins  to  melt ;  but  the  process  goes 

^  Toy  dowly,  and  several  hours  elapse  before  the  whole  ice 

^  adted.     During  the  whole  of  that  time  its  temperature 

i^ancB  at  32° ;  yet  as  it  is  constantly  surrounded  by  warm 

*^  ve  have  reason  to  believe  that  heat  is  constantly  entering 

ift.     Now,  as  none  of  this  heat  is  indicated  by  the  thermo- 

V  what  becomes  of  it,  unless  it  has  combined  with  that 

of  the  ice  which  is  converted  into  water,  and  unless  it 

^  &e  canae  of  the  melting  of  the  ice  ? 

Dr  Black  took  two  thin  globular  glasses,  four  inches  in  dia- 

^tey  and  very  nearly  of  the  same  weight.    Both  were  fiUed 

^Ak  water;  the  contents  of  the  one  were  firosen  into  a  solid 

^Mi  of  ice^  the  contents  of  the  other  were  cooled  down  to 

l^S  the  two  glasses  were  then  suspended  in  a  large  room  at 

*fctaace  firora  all  other  bodies,  the  temperature  of  the  air 

*^  47®.     In  half-an-hour  the  thermometer  placed  in  the 

**ter  glass  rose  {rem  33o  to  40o,  or  seven  degrees :  the  ice 
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Chap,  ir.  was  at  first  four  or  five  degrees  colder  than  melting  snow ;  bnt 
in  a  few  minutes  the  thermometer  applied  to  it  stood  at  S2». 
The  instant  of  time  when  it  reached  that  temperature  was  noted, 
and  the  whole  left  undisturbed  for  ten  hours  and  a  half.  At. 
the  end  of  that  time  the  whole  ice  was  melted,  except  a  toj 
small  spongy  mass,  which  floated  at  the  top  and  disappetzed 
in  a  few  minutes.     The  temperature  of  the  ice-water  was  40^. 

Thus  10^  hours  were  necessary  to  melt  the  ice  andniie 
the  product  to  the  temperature  of  40^.  During  all  this  tiiiM^ 
it  must  have  been  receiying  heat  with  the  same  celerity  as  tte 
water  glass  received  it  during  the  first  half-hour.  The  wbfk 
quantity  received  then  was  21  times  7,  =  149^;  but  its  tempft" 
perature  was  only  40o :  therefore  139  or  140  degrees  hadbecB 
absorbed  by  the  melting  ice,  and  remained  concealed  in  tiiB 
water  into  which  it  had  been  converted,  its  presence  not  bemg 
indicated  by  the  thermometer.* 

That  heat  is  actually  entering  into  the  ice,  is  easily 
tained  by  placing  the  hand  or  a  thermometer  under  the 
containing  it.    A  current  of  cold  air  may  be  perceived  deseeoA- 
ing  from  it  during  the  whole  time  of  the  process. 

But  it  will  be  said,  perhaps,  that  the  heat  which  enter* 
into  the  ice  does  not  remain  there,  but  is  altogether  destroyed' 
This  opinion  is  refuted  by  the  following  experiment : — 

Second.  If  when  the  thermometer  is  at  22%  we  expose    ^ 
vessel  full  of  water  at  52^  to  the  open  air,  and  beside  itanotlatf 
vessel  full  of  brine  at  the  same  temperature,  with  thermometeK* 
in  each ;  we  shall  find  that  both  of  them  gradually  lose  hert 
and  are  cooled  down  to  32o.     After  this  the  brine  (which  do0i 
not  freeze  till  cooled  down  to  4^)  continues  to  cool  without 
interruption,   and  gradually  reaches  22o,  thi^  temperatort 
of  the  air ;  but  the  pure  water  remains  stationary  at  3S^« 
It  freezes,  indeed,  but  very  slowly ;  and  during  the  whole  pn* 
cess  its  temperature  is  32^.     Now,  why  should  the  one  liqdl 
refuse  all  of  a  sudden  to  give  out  heat,  and  not  the  other? 
Is  it  not  much  more  probable  that  the  water,  as  it  freen% 
gradually  gives  out  the  heat  which  it  had  absorbed  during  its 

^  Black's  Lectures,  i.  120. 
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Eqiie&ction ;  and  that  this  evolution  maintains  the  temperature   Chap.  Ji. 

of  the  water  at  32%  notwithstanding  what  it  parts  with  to  the 

air  during  the  whole  process  ?     We  may  easily  satisfy  our- 

'  tdres  that  the  water  while  congealing  is  constantly  imparting 

kat  to  the  surrounding  air ;  for  a  delicate  thermometer  sus- 

fended  above  it  is  constantly  affected  by  an  ascending  stream 

of  air  less  cold  than  the  air  around.*     The  following  experi* 

nent,  first  made  by  Fahrenheit,  and  afterwards  often  repeated 

bj  Dr  Black  and  others,  affords  a  palpable  evidence,  that 

'Bach  an  evolution  of  heat  actually  takes  place  during  con-« 

edition: — 

Third.  If,  when  the  air  is  at  22^,  we  expose  to  it  a  quantity 
qC  water  in  a  tall  beer  glass,  with  a  thermometer  in  it  and 
Qovered,  the  water  gradually  cools  down  to  22<>  without  freez- 
ing.  It  is  therefore  10°  below  the  freezing  point.     Things 
\mg  in  this  situation,  if  the  water  be  shaken,  part  of  it  in- 
vtinlly  freezes  into  a  spongy  mass,  and  the  temperature  of  the 
^'Ue  instantly  rises  to  the  freezing  point ;  so  that  the  water 
Waoqmred  ten  degrees  of  heat  in  an  instant.     Now,  whence 
(BBe  these  ten  degrees  ?     Is  it  not  evident  that  they  must 
W  come  from  that  part  of  the  water  which  was  frozen^ 
tri  consequently  that  water  in  the  act  of  freezing  gives  out 
kit? 

■  Frofina  good  many  experiments  which  I  have  made  on  water 
>>  these  circumstances,  I  have  found  reason  to  conclude,  that 
■6  quantity  of  ice  which  forms  suddenly  on  the  agitation  of 
^^f  cooled  down  below  the  freezing  point,  bears  always  a 
tttttant  ratio  to  the  coldness  of  the  liquid  before  agitation. 
Tims  I  find  that  when  water  is  cooled  down  to  22<>,  very  nearly 
j^of  the  whole  freezes;!  when  the  previous  temperature  is 
S7s  about  ^'gth  of  the  whole  freezes.  I  have  not  been  able  to 
nke  satisfactory  experiments  in  temperatures  lower  than  22<) ; 
te  from  analogy  I  conclude,  that  for  every  five  degrees  of 
Aunation  of  temperature  below  the  freezing  point,  without 
-  congelation,  ^^^th  of  the  liquid  freezes  suddenly  on  agitation. 
Tlerefore,  if  water  could  be  cooled  down  28  times  five  degrees 

*i  Lectoreii  L  127.  f  A  medium  of  several  experiments. 

M 
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cimF.  IL  below  32o  without  congelation,  the  whole  would  cooged  i 
stantaneously  on  agitation,  and  the  temperature  of  the  ice 
would  be  32o.    Now  it  deseryes  attention  that  5  X  28  =  140* 
gives  us  precisely  the  quantity  of  heat  which,  according  to 
Dr  Black's  experiments,  enters  into  ice  in  order  to  cosreii  i^ 
into  water :  hence  it  follows,  that  in   all  cases  when  witv 
is  cooled  down  below  32^,  it  loses  a  portion  of  the  heat  wUds 
is  necessary  to  constitute  its  liquidity.     The  instant  thatsn^ 
water  is  agitated,  one  portion  of  the  liquid  seizes  upon  tli0 
quantity  of  caloric  in  which  it  is  deficient,  at  the  expense  oC 
another  portion,  which,  of  course,  becomes  ice.     Thusi  nhcA 
water  is  cooled  down  to  22^,  every  particle  of  it  wants  10^  of 
the  heat  necessary  to  keep  it  in  a  state  of  liquidity.     Thirtee0 
parts  of  it  seize  ten  degrees  each  from  the  fourteenth  part-^ 
These  thirteen  of  course  acquire  the  temperature  of  32^ ;  and 
the  other  part  being  deprived  of  10  X  13  =  130,  which,  witb 
the  ten  degrees  that  it  had  lost  before,  constitute  MO^,  or  die 
whole  of  the  heat  necessary  to  keep  it  fluid,  assumes  of  canao^ 
quence  the  form  of  ice. 

Fourth.  If  these  experiments  should  not  be  considered  av 
sufficient  to  warrant  Dr  Black's  conclusion,  the  following,  Ar 
which  we  are  indebted  to  the  same  philosopher,  puts  thetratt 
of  his  opinion  beyond  the  reach  of  dispute.  He  mixed  ti^* 
gether  given  weights  of  ice  at  32^  and  water  at  190®  of  teSH 
perature.  The  ice  was  melted  in  a  few  seconds,  and  tte 
temperature  produced  was  53^.  The  weight  of  the  ice  iMi 
119  half-drams; 


That  of  the  hot  water 

135 

of  the  mixture  . 

254 

of  the  glass  vessel 

16 

Sixteen  parts  of  glass  have  the  same  effect  in  heating  coli 
bodies  as    eight  parts  of  equally   hot  water.      ThereCon^ 
instead  of  the  16  half-drams  of  glass,  eight  of  water  my  be 
substituted,  which  makes  the  hot  water  amount  to  143  hal^ 
drams. 

In  this  experiment  there  were  158  degrees  of  heat  contained 
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itt  the  hot  water  to  be  divided  between  the  ice -tad  water,  cimp/ii; 
Ka.d  they  been  divided  equally,  and  had  the  whole  been  after- 
v^nrds  sensible  to  the  thermometer,  the  water  would  have  re- 
tuned  m  parts  of  thb  heat,  and  the  ice  would  have  received 
fs-J  parts.     That  is  to  say,  the  water  would  have  retained 
Woj  311^  ihQ  ice  would  have  received  72" :  and  the  tempera- 
after  mixture  would  have  been  104^.     But  the  tempera^ 
by  experiment  is  found  to  be  only  53**;  the  hot  water  lost 
135%  and  the  ice  only  received  an  addition  of  temperature 
^^Iiul  to  21®.     But  the  loss  of  I80  of  temperature  in  the 
18  equivalent  to  the  gain  of  21  <*  in  the  ice.     Therefore 
!• —  18*  =  140^  of  heat  have  disappeared  altogether  from 
hot  water.     These  140®  must  have  entered  into  the  ice, 
eoDYerted  it  into  water  without  raising  its  temperature.* 
In  the  same  manner,  if  we  take  any  quantity  of  ice,  or, 
r^lndi  is  the  same  thing)  snow  at  32®,  and  mix  with  it  an 
weight  of  water  at  172°,  the  snow  instantly  melts,  and 
temperature  of  the  mixture  is  only  32".     Here  the  water 
cooled  140o,  while  the  temperature  of  the  snow  is  not  in- 
at  all ;  so  that  140"  of  heat  have  disappeared.     They 
have  combined  with  the  snow ;  but  they  have  only  melted 
*^  ^^nOioiit  increasing  its  temperature :  hence  it  follows  irre- 
^^^tiUy,  that  ice,  when  it  is  converted  into  water,  absorbs  and 
ibines  with  heat. 

k  is  rather  difficult  to  ascertain  the  precise  number  of  de- 

•f  heat  that  disappear  during  the  melting  of  ice  :  hence 

^ftreat  statements  have  been  given.     Mr  Cavendish,  who 

UB  that  he  discovered  the  fact  before  he  was  aware 

it  was  taught  by  Dr  Black,  states  them  at  150"  ;f  Wilke 

^  I3t^ ;  Black  at  140® ;  and  Lavoisier  and  Laplace,  at  135". 

^Vnein  of  the  whole  is  very  nearly  140®. 

Viler,  then,  after  being  cooled  down  to  32",  cannot  freeze  Latent  heat 
VH  has  parted  with  140"  of  heat ;  and  ice,  after  being  heated  ^ 
"*S|o,  cannot  melt  till  it  has  absorbed  140  of  heat.     This 
*^  taaae  of  the  extreme  slowness  of  these  operations.     With 
^^pBti  to  water,  then,  there  can  be  no  doubt  that  it  owes  its 

;*■  Lcctoref,  L  123.  t  Phil.  Trans.  1733j  p.  313. 
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Chap.  11.  fluidity  to  the  caloric  which  it  contains,  and  that  the  caloric 
necessary  to  give  fluidity  to  ice  is  equal  to  140°. 

To  the  quantity  of  heat  which  thus  occasions  the  flui^ty  of 
solid  bodies  by  combining  with  them,  Dr  Black  gave  the  name 
of  latent  heaty  because  its  presence  is  not  indicated  by  the  ther- 
mometer :  a  term  sufficiently  expressive;  but  other  philosophers 
have  rather  chosen  to  call  it  caloric  of  fluidity. 

Dr  Black  and  his  friends  ascertained  also,  by  experimenti 
that  the  fluidity  of  melted  wax,  tallow,  spermaceti,  and  metals, 
is  owing  to  the  same  cause.     Landriani  proved  that  this  is 
the  case  with  sulphur,  alum,  nitre,  and  several  of  the  metak;* 
and  it  has  been  found  to  be  the  case  with  every  substance 
hitherto  examined.     We  may  consider  it  therefore  as  a  general 
law,  that  whenever  a  solid  is  converted  into  a  fluid,  it  combines 
with  heat,  and  that  this  is  the  cause  of  its  fluidity. 
Latent  heat     5.  The  only  experiments  made  to  determine  the  latent  heat 
bodiei!'      of  Other  bodies  besides  water,  are  those  of  Dr  Irvine,!  his 
son,t  and  M.  Rudberg.§     Rudberg  indeed  states,  that  Dr 
Black  had  ascertained  the  latent  heat  of  tin  to  be  500^  and 
that  of  wax  to  be  175<>.     But  these  experiments  were  made 
by  Irvine,  not  Black  ;  and  Rudberg  has  mistaken  the  meaning    I 
of  Dr  Irvine's  conclusions.     500°  do  not  constitute  the  num- 
ber of  decrees  that  the  same  weio^ht  of  water  would  be  raised  5 
but  the  increase  of  temperature  which  the  latent  heat  of  titt 
would  produce  in  the  tin  if  it  were  to  be  thrown  into  the  soW 
tin  without  melting  it.     The  same  remark  applies  to  his  cV 
periments  on  wax. 

Irvine's  experiments  were  made  by  pouring  the  meltc** 
bodies  (reduced  as  nearly  as  possible  to  the  melting  poU>v 
into  water,  and  observing  the  rise  of  temperature  in  tl*** 
liquid.  Rudberg's  method  was  to  put  the  melted  metals  iS^ 
a  vessel  surrounded  with  snow,  to  prevent  any  access  of  b^* 
from  without,  and  observing  the  time  that  each  took  to  cr^ 
1 0®,  (including  the  point  of  becoming  solid,)  compared  with  *** 
time  to  produce  the  same  diminution  of  temperature  in  ic^^ 

♦  Jour,  de  Phys.  xxv.  f  BlacVs  Lectures,  i.  187. 

X  Nicholson's  Jour.  iz.  45.      §  Ann.  de  Chim.  et  de  Phjrs.  xlviiL 
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cixry  placed  in  the  same  situation.     From  this  time  he  cal-  chap.  ir. 
culated  the  latent  heat. 

Let  the  weight  of  mercury  =  m ;  its  specific  heat  =  c.    The 
heat  lost  in  sinking  ten  degrees  will  be  10  mc. 

The  other  metal  loses  not  only  its  latent  heat,  but  also 
(^e  the  mercury)  the  heat  which  escapes  while  the  thermo- 
meter is  sinking  IQo. 

Let  its  weight  be  Af,  its  latent  heat  =  L^  its  specific  heat 
It  tbe  moment  of  solidification  =  C.  Its  total  loss  of  heat  will 
W  =  (if2i+  IOC). 

Let  <  be  the  time  which  the  mercury  takes  to  sink  10°,  and 
3*tbe  corresponding  time;  when  the  crucible  contains  the  other 
Wal,wehaveM(Z.+  lOC):  lOmcsT:/;  or,  if  we  wish 
to  reckon  the  loss  of  heat  of  the  crucible  itself,  its  mass  being 
s«,  and  its  specific  heat  d\ 

Jf(Zr+  10C)  +  lOtuTx  10  {Tnc  +  fuf')=:T:L 
HcQGe 

K  KB  obvious  that  this  formula  is  not  quite  exact ;  because 

^  crucible,  when  filled  with  mercury,  is  constantly  cooling, 

vittle  the  thermometer  is  sinking  the  10^  ;  whereas  it  remains 

VBiltered  during  the  greatest  part  of  that  time  when  the 

oiher  metal  is  in  it.     But  the  error  from  this  source  cannot 

b0  great. 

The  following  table  exhibits  the  results  obtained  by  these 
e3[peTiments : — 


LATENT  HEATS. 

Referred  to  the  bodice. 

Befeired  to  water. 

Ice     . 

140*        . 

.       140^ 

Sulphur 

143-68   • 

27-14 

Spermaceti 

145 

t 

Lead 

162 

56 

Diuo 

•        •                       •         • 

10-93* 

Bees'  wax  . 

175 

Rudberg. 
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Chap.  ir. 

Zinc  .         • 

Referred  to  the  bodiei. 

493 

Btffetnid  to  Wile 

48-3 

Tin   . 

500 

33 

Ditto 

•         •                        » 

24-85  • 

Bismuth     . 

550 

23-25 

The  latent  heat  of  spermaceti,  wax,  and  tin,  were  deter-* 
mined  by  Dr  Irvine ;  that  of  the  rest  by  his  son.  The  latea'fe 
heat  in  the  second  column  expresses  the  degrees  by  which  i.'ft 
would  have  increased  the  temperature  of  each  of  the  bocEeas 
respectively  when  solid,  except  in  the  case  of  spermaceti  and 
wax ;  in  them  it  expresses  the  increase  of  temperature  whicb 
would  have  been  produced  upon  them  while  fluid. 

6.  Dr  Black  has  rendered  it  exceedingly  probable  alsoy  9^* 
rather  he  has  proved  by  his  experiments  and  obsenrationi^^ 
that  the  softness  of  such  bodies  cis  are  rendered  plastic  V 
heat  depends  upon  a  quantity  of  latent  heat  which  combioi 
with  them.     Metals  also  owe  their  malleability  and  ductility 
to  the  same  cause :  hence  the  reason  that  they  become  ha^ 
and  brittle  when  hammered. 

It  is  greatly  to  be  regretted  that  this  interesting  subject 
has  not  been  farther  prosecuted.  Meanwhile  the  knowledge 
we  have  already  gained  will  enable  us  to  account  for  many 
important  natural  phenomena.  It  will  be  worth  while  to  giie 
a  few  examples. 
Freezing  I.  It  is  well  known  that  there  are  certain  substances  which, 

explained,    when  mixed  together,  induce  a  considerable  cold.      These 


substances  are  used  for  the  purpose  under  the  name  of /r 
ing  mixtures.  Snow  and  salt  are  two  such  substances.  If  we 
mix  them  together  in  about  equal  quantities  in  a  glass  or 
stoneware  vessel,  a  thermometer  plunged  into  the  mixture 
sinks  down  to  zero,  and  continues  at  this  low  temperature  for 
a  considerable  time.  There  is  reason  to  believe  that  this  im* 
portant  experiment,  which  has  added  so  much  to  the  enjoy- 
ment of  the  rich  in  hot  climates,  was  first  made  by  Sanctorio» 
about  the  close  of  the  sixteenth  century.  Nitre  and  snow  had 
been  already  used  as  a  freezing  mixture  by  the  Italian  pastry- 

*  Rudberg. 
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I     ^ooks ;  but  Sanctorio  informs  us  in  his  commentary  on  Avi-  Cka^il^ 
^oma  that  he  produced  the  same  effect  by  substituting  com- 
i&m  salt  for  nitre,  in  the  proportion  of  three  parts  snow  to 
one  part  of  salt ;  and  that  he  had  repeatedly  performed  the 
e^riment  before  numerous  audiences. 

A  still  greater  diminution  of  temperature  is  produced  by 
JNairing  nitric  acid,  previously  diluted  with  water,  upon  snow* 
And  when  dry  snow  and  dry  chloride  of  calcium  (retaining  its 
^^Mteit  of  crystallization)  in  the  proportion  of  one  part  of  the 
"**ioer  to  two  parts  of  the  latter  are  mixed,  so  great  a  cold  is 
P*^odnced  that  mercury  may  easily  be  frozen  by  it  even  in  a 
^^•miroom. 

The  first  person  who  made  experiments  on  freezing  mixtures 

^^  Fahrenheit.     But  the  subject  was  much  more  completely 

^Wtigated  by  Mr  Walker,  in  various  papers  published  in 

^Philosophical  Transactions  from  1787  to  1801.     Several 

^tvioQs  additions  have  been  made  by  Professor  Lowitz.     The 

Qperiments  of  Lowitz  have  been  repeated  and  extended  by 

Mr  Walker.*     The  result  of  these  experiments  may  be  seen 

ID  the  following  tables,  which  I  transcribe  from  a  paper  with 

I  have  been  favoured  by  Mr  Walker  : — 

•  Phil.  Trans.  1801,  p.  120. 
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TABLE  l^i'^Frigorific  Mixtures  toithout  Ice. 


Ifistun^ 


ParU 

Muriate  of  ammonia  .  5 
Nitrate  of  potash  •  .  5 
Water 16 


Muriate  of  ammonia  •  6 
Nitrate  of  potash  .  .  6 
Sulphate  of  soda  .  .  8 
Water 16 


Nitrate  of  ammonia    .     1 
Water 1 


Nitrate  of  ammonia  •  1 
Carbonate  of  soda  .  .  1 
Water 1 


Sulphate  of  soda    .    •     3 
Diluted  nitric  acid     •     2 


Sulphate  of  soda    .  .  6 

Muriate  of  ammonia  .  4 

Nitrate  of  potash  .  •  2 

Diluted  nitric  acid  .  4 


Sulphate  of  soda  .  •  6 
Nitrate  of  ammonia  .  5 
Diluted  nitric  acid     .     4 


Phosphate  of  soda .     .     9 
Diluted  nitric  acid      .     4 


Phosphate  of  soda  .  .  9 
Nitrate  of  ammonia  .  6 
Diluted  nitric  acid      .     4 


Tbennomcter  tinlm 


From  +  50**  to  +   !()•.      40 


From  4-  50»  to  +   4*, 


From  +  50<>  to  +  4* 


From  +  50*  to  —  7' 


From  +  50«  to  —  3*. 


From  +  50»  to  —  !()•. 


From  +  50<»  to  —  14«. 


From  +  50>  to  —  12»- 


From  +  50*  to  —  2\\ 


Sulphate  of  soda     .     .     8 
Muriatic  acid     ...     5 


Sulphate  of  soda     .     .     5 
Diluted  sulphuric  acid    4 


From  +  50«  to  0°. 


From  +  oO»  to  J-  3* 


4S 


46 


57 


53 


60 


64 


50 


47 


N.  B.^If  the  materUlt  are  mixed  at  a  warmer  tcmperaturt  than  tkat 
irretted  In  the  table,  the  effect  will  be  proportionallT^reofer/  that  if  ^Vi- 
powerful  of  these  mizturet  be  made,  when  the  air  is  4*  8d»>  it  will  sink  ths  tiP^ 
mometer  to  -(•  V*, 
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TABLE  II. — Frigorific  Mixtures  with  Ice, 


Uiilura. 

S' 

pounded  ice     2 

ofsoda     .     .     1 

1, 

to  —  5-. 

• 

pounded  icu     5 
ofso(!a    .     .     2 
of  ammonia.      1 

to  _  12'>. 

• 

pounded  ice  24 
jfsodii     .     .  10 
af  ammonia  .     5 
if  potash  .     .     5 

to—  18". 

• 

pounded  ice   12 
)fsoda     .     .     5 
if  anuuonia  .     5 

to  —  25°. 

3 

ulpburicacid    i 

From  +  32*  to  —  23". 

55 

8 

acid  ...     5 

From  +  32=  to  —  27°. 

59 

7 

litrie  acid     .     -> 

From  +  32"  to  —  30". 

6. 

4 

of  lime     .     .     5 

From  +  32"  to  —  40'. 

72 

2 

iiriate  of  lime    3 

From  +  32"  to  —  50'. 

82 

3 

4 

From  +  32»to  — 51". 

83 

TABLE  lIl.—Co«AmaUoiuofFrig9ri/SeJllUtMra. 


.„„. 

?? 

l'ho«|iIiat.-  of  ».il. 
Nitrate  of  unimoniA 
Diluteil  nitric  uiil 

.     4 

Fr..mH''to  — 34'- 

M 

Nitnitp  of  niiiinoiiiii 
Uilulol  miinl  acia* 

.    :i 

,     4 

Froin_34"to»  — 50". 

1« 

Diluted  nitric  nciil 

Snnw       .... 
Diluti-a  »ul|<h.  nritl 
Uilult^d  iiitriu  uid 

3t     From — U>"  to  —  iti". 

3|| 

4£ 

Snow 1 

Diluted  Eulphuriv  uuii)     t 

Fnuii  — 2it-l..  — 6t/". 

.  W 

Snow       .... 
Muriatu  of  limu     . 

.     4 

Fnim  +  2ri"  to  _4s". 

•H 

Snow       .... 
Murintp  of  linn- 

.     4 

Fmiu  +  10"  to— 54". 

<M 

Snow       .... 
Muriulc  iif  liiHf     . 

•     '^iFr..!.!  — l.r  io_lN". 

53 

Snow       .... 
CrjiL  muriatv  of  Hi 

■     .',    l'n.mi("lo  — (i*!". 

>>: 

Snnw 1  '  .. 

{.'rjtlL  murinlc  of  liu 

33 

.<n.>w       .... 
Dilutcd_.uli>hurii-  uc 

dioi'"""-'^'*' "*-••"''■ 

2J 
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h  order  to  produce  these  effects,  the  salts  employed  must   Chap^  ii. 
J  fresh  crystallized,  and  newly  reduced  to  a  very  fine  powder*  ^ 

"he  yessels  in  which  the  freezing  mixture  is  made  should  be 
7  thin,  and  just  large  enough  to  hold  it,  and  the  materials 
Mild  be  mixed  together  as  quickly  as  possible.  The  materials 
be  employed  in  order  to  produce  great  cold  ought  to  be 
t  reduced  to  the  temperature  marked  in  the  table,  by  placing 
m  m  some  of  the  other  freezing  mixtures ;  and  then  they 
to  be  mixed  together  in  a  similar  freezing  mixture.  If, 
instance,  we  wish  to  produce  a  cold= — 46**,  the  snow  and 
ited  nitric  acid  ought  to  be  cooled  down  to  0°,  by  putting 
fessel  which  contains  each  of  them  into  the  first  freezinsr 
ctare  in  the  second  table  before  they  are  mixed  together. 
I  still  greater  cold  is  required,  the  materials  to  produce  it 
to  be  brought  to  the  proper  temperature  by  being  previ- 
ily  placed  in  the  second  freezing  mixture.  This  process  is 
be  continued  till  the  required  degree  of  cold  has  been  pro* 
td.» 

It  is  sometimes  a  matter  of  convenience  to  produce  cold 
81  we  have  no  snow  or  ice.  This  may  be  done  by  dia- 
riDg  rapidly  any  salt  containing  much  water  of  crystalliza- 
u  Glauber  salt  is  one  of  the  most  convenient,  and  dilute 
iatic  acid  or  sulphuric  acid  the  most  suitable  liquid  to  dis- 
e  it  in.  The  following  experiments  by  Professor  Bischo^ 
toDD,  will  enable  the  reader  to  judge  of  the  degree  of  cold 
ji  may  be  produced  in  this  way : — 


^nkf  the  therroomiter. 


) 


) 


) 


) 


600  gr.  Sulphuric  acid 

500  gr.  Water 

1250  gr.  Glauber  salt 

500  gr.  Sulphuric  acid 

750  Water 

1560  Glauber  salt 

500  gr.  Sulphuric  acid 

635  Water 

1400  Glauber  salt 

500  gr.  Sulphuric  acid 

208  Water 

885  Glauber  salt 


Ffom 


To 


54«-5     16*^25 


54-5      22-44 


54-5      20-19 


54-5 


14 


CoU  produced.  Cold  pro* 
duoed  by 
diaaolTinf 
lulphato  of 
soda  in  dU 
lut«  sul- 
phuric add* 


38-*^ 


32-06 


34-31 


40-5 


•  Walker,  Phil.  Trans.  1795. 
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Mixture. 


Sinki  the  CbcnBOBMt«r 


From 


To 


Theory  of 

ffieiim 

niztorct. 


Cold 


(5)  600  gr.  Sulphuric  acid 
500         Water 

1250  Glauber  salt  54-5  lOf      44— 

(6)  500  gr.  Sulphuric  acid 
300  Water 
990         Glauber  salt  54-5  7J      47-25 

(7)  500  gr.  Sulphuric  acid 
250  W^ater 
937         Glauber  salt  54-5  7J     47-25 

(8)  500  gr.  Sulphuric  acid 
500  Water 

1000     .     Glauber  salt  54-5  7 J      47-25 

(9)  500  gr.  Sulphuric  acid 
416  Water 

1150         Glauber  salt  54-d  6^      484 

(10)  500  gr.  Sulphuric  acid 
333  Water 

1040         Glauber  salt  54*5  5        49*5 

The  acid  and  water  must  be  previously  mixed  and  allofrf 
to  cool,  before  the  glauber  salt  be  added.  It  sbonld  be  !> 
powder,  but  retaining  all  its  water  of  crystallization.* 

All  substances  which  produce  cold  on  mixturey  act  cheaih   j 
cally  on  each  other.     They  are  either  both  solid,  or  at  hut   < 
one  of  them  is  solid,  and  they  begin  to  liquefy  as  soon  as  tbflf 
are  mixed.     Indeed  every  mixture  that  generates  cold,  000* 
tains  a  considerable  quantity  of  water  in  a  solid  state,  tf^ 
consequently  destitute  of  its  latent  heat.     This  is  the  cM 
with  snow,  which  is  almost  always  a  constituent  of  erc^ 
freezing  mixture.     Chloride  of  calcium  in  crystals  conttff 
more  than  half  its  weight  of  solid  water.    Now,  whenever  the 
two  substances  so  mixed  begin  to  act  on  each  other,  the  te^ 
dency  to  liquefaction  is  greatly  increased.     The  degree  d 
cold  is  always  proportional  to  the  rapidity  of  the  lique&ctioii 
hence  snow  and  chloride  of  calcium  or  potash,  which  liqnefy 
immediately  on  mixture,  produce  a  much  greater  cold  tha 
snow  and  common  salt,  which  liquefy  very  slowly.     But  Am 
cold  produced  by  the  former  mixtures  continues  a  mach  shorter 
time  than  that  produced  by  the  latter. 

In  proportion  as  the  solid  bodies  become  liquid  they  miHl 


Scbweigger*8  labrbucb,  zzii.  370. 
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absorb  latent  heat.    This  they  can  only  obtain  from  the  bodies  Cbaii.  ir. 
fai  the  neighbourhood :  hence  they  absorb  heat  with  avidity 
from  all  bodies  in  contact  with  them.     But  when  a  body 
ibsorbs  heat  from  those  in  contact  with  it,  wc  say  that  it  ia 
eold;  and  the  more  rapidly  it  absorbs  heat  the  colder  it  is. 

S.  There  are  many  salts  which  dissolve  in  hot  water  in 
tODoderably  greater  quantity  than  in  cold  water.  If  such  hot 
tdotioos  be  set  aside  till  they  cool,  the  excess  of  salt  which 
ftej  contain  will  be  deposited  in  crystals,  and  no  more  will 
RQuun  in  solution  than  cold  water  is  capable  of  taking  up. 
But  in  some  rare  instances  it  happens  that  if  the  hot  solution  Heat  nnft. 

I         ,  ductd  by 

Be  pot  into  a  phial  and  corked  up  and  allowed  to  cool  without  •uddcn 
agitation,  no  crystals  will  be  deposited,  so  that  we  obtain  a  uoaT 
^  soladon  holding  more  salt  than  water  of  the  same  tem« 
fWtare  is  capable  of  dissolving.  But  the  moment  we  draw 
*tt  the  cork  from  the  phials  containing  them,  a  quantity  of  the 
idt  raddenly  crystallizes,  and  the  temperature  of  the  liquid 
at  die  same  time  rises.  Carbonate  of  soda  and  sulphate  of 
aoda  constitute  two  such  salts. 

To  form  a  solution  of  carbonate  of  soda  which  may  be  cooled 

^nm  to  50^  without  crystallizing  in  a  close  phial,  but  which 

aBpodits  crystals  when  the  cork  is  drawn,  we  have  only  to  dis- 

lobe  one  ounce  of  anhydrous  carbonate  in  4*22  ounces  of  hot 

Mer.     When  such  a  solution  is  agitated  by  drawing  the 

aork  at  the  temperature  of  50^,  a  copious  precipitate  of  small 

OJltals  in  the  form  of  stars  takes  place ;  and  the  temperature 

af  the  solution  is  elevated  14^.     The  crystals  deposited  in 

llii  case,  supposing  them  anhydrous,  weigh  123*15  grains, 

Ik  water  of  crystallization  belonging  to  which  is  223*6  grains. 

Tlie  whole  weight  of  the  liquid  and  phial  (substituting  for  the 

giaaathe  requisite  weight  of  water)  was  2149*5  grains.     Of 

vidch  223*6  grains  make  ^.^j  part.     Now,  if  this  water  of 

crpatallization  had  given  out  the  whole  of  its  latent  heat,  this 

^folotion  would  have  raised  the  temperature  to  14o*96.    Thus 

we  see  that  the  elevation  of  temperature  in  this  case  is  owing 

to  the  latent  heat  given  out  by  the  water  when  it  becomes  solid 

Ij  iinitmg  to  the  precipitated  salt. 

To  form  a  solution  of  sulphate  of  soda  possessing  the 
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Chap.  II.  requisite  propcrtic:!!*  wo  must  dissulve  51  parts  of  the 

in  49  parts  of  hot  water.     When  such  a  solution  is  allowed  to 
cool  in  a  corkiul  ]>hial,  if  wc  draw  the  cork  it  besrins  immedi- 
ately to  (TYstallizc  on  the  surface,  and  the  crystals  akooC 
hlowlv  till  thev  reach  the  bottom  of  the  phial.     The  wbo&e 
liquid  appears  converted  into  fibrous  crystals;  but,  in  realitr« 
two-thirds  of  the  salt  are  deposited  in  crystals,  and  one-tbir^ 
remains  in  solution.     When  the  weight  of  the  solution  of  saV' 
phate  of  soda  was  2118  grains,  and  that  of  the  phial  10^^^ 
grains,  the  increase  of  temperature  w:is  24^.     Tlic  cry  stab 
aalt  deposited  wiML^hetl  713  grains,  the  water  of  cr}-iitaDii 
tion  of  wliich  amounts  to  3U9  grains  :  the  weight  of  the  loli 
tion  and  phial  are  eipiivalcnt  to  17o2  grains  of  water. 
399  is  about  ^.«  ^  of  1752.     And  24ox4-39=:  10r)-36. 
is  34^5  less  than  the  latent  heat  of  the  water  of  crysl 
'I'he  rea-Hon  of  this  i^,  that  the  crystals  deposited  at  fini 
not  amount  to   713    irraius,  but    only  to  630   grains; 
t'volution  of  heat  preventinL''  the  183  residual  grains  fron 
ing  deposited,  till  the  liijuid  cools.     Now«  the  water  of 
tallization  of  530  grains  of  the  salt  is  only  300  grains, 
stituting  jIj  of  the  whole.     Now,  24 <>  X  5-83=1 39**9S= 
very  ncarlv  to  the  latent  heat  of  the  water  of  crrstalliaatioB. 
Thus  we  i*ee  that  the  heat  evolved  in  these  cases  of  cnralalE- 

m 

xatinn  is  owini;  chietlv,  if  not  entirely,  to  the  water  of 
lization  irivin<;  out  its  latent  heat  iiX  the  instant  it 
solid.* 

The  reason  why  these  two  >alts  remain  in  stdutioo,  mnat  be 
tlie  stron&r  affinity  which  the  water  has  for  heat.  In  Uke 
maimer,  both  aulphur  ami  phosphorus  often  remain  liquid  at 
the  common  temperature  of  the  atmosphere :  but  when  tonckod 
with  a  ro(L  they  give  out  heat  and  become  solid* 

3.  Iron,  copiHT,  L'ohU  silver,  and  one  or  two  other  nietalt» 
are  b^ith  malleable  and  ductile.  Thev  may  be  tattenod 
undiT  the  hainiii«T  and  drawn  «>ut  into  uire,  liy  lieing  squccaed 
throu^'li  holes  drilled  in  n  steel  plate.      Now,  when  anT  of 

*  Till-  »]N*i-iru-  hi'iit  ffa  >.itiir.it(.tl  «iilu(itin  nf  carijonatc  of  ^rida  i* 
(r7.j ;  iliat  lif  A  ^.itiirAti-ii  »oliitiiiii  nf  »nliiluilc  ot'  hkU  11)001  0*TS. 
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■tetaJs  have  been  Itammered  for  some  time  so  as  to  in-  Cl»p.lli: 
)  its  surface,  to  a  certain  amount  it  becomes  brittle.  If 
Q  continue  to  bammer  it,  instead  of  extending  farther, 
cka  and  splits  and  breaks  in  pieces.  To  restore  the  ^^Jj^jj* 
■Ulity,  wc  inu^t  beat  the  piece  of  metal  in  the  fire  and 
it  lo  cool  slowly.  Thia  proceiid  is  called  amealing, 
',  there  is  a  circumstance  which  always  accompanies 
ninering  of  metals,  or  the  drawing  them  out  into  wires 
£8.  They  become  hot ;  sometimes  even  red  hot,  and 
so  hot  that  they  bum  the  fingers.  Thus  it  appears 
It  forcing  nut  of  heat  occasions  britllcncss  In  these 
And  to  restore  the  malleability  and  ductility,  we 
licat  them  artificially,  and  allow  them  to  cool  slowly; 
to  say,  we  must  again  restore  the  heat  which  had  been 
cot.  Thus  malleability  and  ductility  would  seem  to 
i  npoo  a  certain  quantity  of  latent  beat  in  the  metals 
poasess  these  qualities ;  and  the  process  of  annealing  is 
r  the  restoration  of  this  latent  beat  after  it  has  been 
If  arniealing  consisted  in  merely  heating  motalf 
It  adding  any  foreign  heat,  there  L^  no  visible  reason 
iron  rod  wliich  has  been  heated  to  redness  by  hiunraer- 
Id  require  annealing ;  for  it  is  already  as  bot  as  is 
'ed  by  the  annealing  process.  Yet,  it  is  well  known, 
nn  vbicb  has  been  made  red  bot  by  hammering,  has 
I  nallettbility,  and  that  it  cannot  be  hammered  again  till 
been  annealed. 


CtUPTER  III. 
or    V  A  P  ()  H  I  Z  A  T I  O  N. 


ipoiuatioQ  is  meant  the  property  which  heat  has  of 
tng  Ui[uid  bodies  into  vajtours.  1  shall  divide  this  chap- 
D  three  sections.  In  t)ie  first  wc  shall  treat  of  vapours, 
wcond  oi  gates,  and  in  the  third  ai  tponttmtfMa  etajW' 
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SLCTION  I. — OF  VAPOURS. 

Natare  of  VopouT  is  an  cxtrcmcIy  rare,  light,  and  expamible  Inn 
like  air;  and  capable,  like  it,  of  being  easily  reduced  into  k 
space  by  external  pressure,  and  resisting,  like  it,  the  force  whi 
thus  compresses  it.  Suppose  a  single  tea-spoonful  of  wal 
to  be  put  into  a  glass  globe  capable  of  holding  sereral  galloi 
and  exhausted  of  air.  If  heat  enough  be  applied  to  the  glol 
the  water  gradually  diminishes  in  bulk,  and  at  last  disappeai 
80  that  the  vessel  will  appear  empty ;  yet  it  is  complete 
filled  with  the  water  now  existing  in  the  state  of  trmntpare 
and  invisible  vapour.  Hy  increasing  the  heat,  we  increa 
the  expansive  force  of  this  vapour ;  and  we  may  inoreiae 
till  it  burst  the  globe  and  shatter  it  in  pieces. 

1.  A  glass  jar  capable  of  holding  100  cubic  inches  beil 
filled  with  mercury,  and  placed  inverted  into  a  basin  of  ■! 
cur}',  if  we  let  up  into  it  about  19  grains  of  water,  and  ni 
the  temperature  to  212"*  the  water  will  disappear,  being  oo 
verted  into  vapour,  and  the  mercury  will  at  the  same  time  sd 
to  the  bottom  of  the  jar,  the  19  grains  of  water  converted  ifli 
vapour  occupying  the  volume  of  100  cubic  inches.  The  ba 
into  which  water  expands  by  the  ordinary  Ixiiling  heat^  pi 
ducing  a  steam  equally  elastic  with  common  air,  is  very  gra 
But  it  was  very  much  overrated  at  first.  Dr  DesagnKi 
rockone<l  the  expansion  14,000  times  the  original  bulk.  ] 
DiUuiion  Watt  was  the  first  person  who  determinetl  it  with  an  appm 
wbrn  eon.  to  accuracy.  From  his  experiments  he  drew,  as  a  consequcn 
Iicui.  "**  ^1*'^^  water  when  converted  into  steam  increases  in  bulk  18 
times.  From  the  experiments  of  Guy-Lussac  it  appears  tl 
the  s])ecific  gravity  of  stc.im  is  0*C2j,  that  of  air  being  I. 
therefore,  100  eulm*  inrlies  of  air  wci^^h  31*1446  graiuft, 
follows  from  the  experiments  of  Hiot  and  Arazo,  it  is  obvic 
that  the  same  volume  of  tteam  will  i\oi^h  19*4(>5  irrai 
Now,  a  euble  inch  of  water  at  (^O**  weighs  252*52  grains, 
is  obvious  that  2')*2*r/2  <:rain.^  of  uater,  when  convertinl  u 
steam,  wouhl  orcu])y  12*J7*3  eubie  inches,  which,  thervrj 
should  be  the  true  iuerea!*e  of  \iilume  when  water  is  conver 
into  steam.     Hut  if  0'G2j  be  the  s]>ecilic  gravity  of  «t< 
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tl2^  compared  with  that  of  air,  reckoned  1  at  the  same  tem-    Sect  1. 
perature,  then  the  expansion  will  be  greater,  and  will  approach 
nearly  to  the  determination  of  Mr  Watt.     For  on  that  sup- 
position the  specific  gravity  of  steam  at  212®  compared  with 
lir,  reckoned  1  at  60''  would  be  only  0-481.     So  that  100 
caUc  inches  of  it  would  weigh  14*98  grains;   and  a  cubic 
iadi  of  water,  when  converted  into  steam,  would  expand  into 
1689  cubic  inches. 

This  change,  like  fluidity,  is  produced  by  the  increase  of 
Ae  temperature  of  the  body  so  changed.  Now  the  tempera- 
tee  at  which  the  change  takes  place  is  found  to  differ  in  almost 
ervy  kind  of  matter.  The  temperature  must  be  kept  up,  in 
vder  that  the  vaporous  form  may  remain.  If  the  heat  be  re- 
Atted  the  vapour  loses  its  elasticity,  and  collapses  into  that 
km  from  which  it  was  produced.  Thus  steam,  whenever  it 
i^Hoges  against  a  cold  body,  is  immediately  condensed  again 
hUo  water. 

t  The  vaparific  or  boiling  point  of  most  bodies  is  higher  Volatile 
Iko  that  which  is  necessary  to  give  them  liquidity ;  but  to  bodiM. 
|-  Ail  there  are  some  exceptions.     Thus  arsenic  and  benzoic 
iodare  converted  into  vapours  at  a  lower  temperature  than  is 
nqnired  to  melt  them.     Bodies  easily  converted  into  vapour, 
<R called  volatile;  while  those  are  called yf^rec/,  which  require 
sUgh  temperature  to  induce  this  change,  or  which  cannot  be 
eoorerted  into  vapour,  by  the  greatest  heat  which  we  have  it 
-  m  oar  power  to  raise. 

3.  The  temperature  at  which  bodies  are  converted  into  Boiling 
T^wur  is  usually  called  their  boiling  point.     This  point  is  very  Hquidill 
dMiefeut  in  different  liquids;  but,  other  things  remaining  the 
nme,  it  is  constant  for  every  particular  liquid.     The  following 
fable  exhibits  the  boiling  points  of  a  few  liquids,  in  which  that 
point  has  been  determined  with  precision : — 


Boiling  Point 

Muriatic  ether 

.         •         • 

52*» 

Sulphuric  ether 

. 

• 

•         < 

96 

Biaulphoret  of  carbon 

>          1 

1         1 

116 

Ammonia  (sp.  gr. 

0-945)    . 

* 

1         t 

140 

Oil  of  Uurel* 

.        1 

* 

1         < 

150      • 

Tfab 

it  a  volatile  oil  which 

comes  fro 
N 

m  De 

meran 

L     It  is  obtained  by 
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BoUlDg  point. 

Acetic  ether      .... 

160° 

Alcohol  (sp.  gr.  0*798) 

173 

Water 

212 

Nitric  acid  (sp.  gr.  1  -42)    . 

248 

Crystallized  muriate  of  lime     •  . 

302 

Oil  of  turpentine 

314 

Naphtha             .... 

320 

Phosphorus         .... 

564 

Sulphuric  acid  (sp.  gr.  1*843) 

620 

Whale  oil           .... 

630 

Mercury             .         .         •         . 

668 

The  boiling  points  of  the  following  saline  solutions  ha- 
been  determined  by  Mr  Griffith  : — * 


or  nline 
loIatioDs. 


Sulphate  of  soda  . 
Corrosive  sublimate 
Cyanodide  of  mercury 
Acetate  of  copper 
Bitartrate  of  potash 
Nitrate  of  barytes 
Sulphate  of  potash 
Acetate  of  lead     . 
Nitrate  of  lead 
Protosulphate  of  iron    . 
Sulphate  of  copper 
Potash-sulphate  of  copper 
Boracic  acid 
Chlorate  of  potash 
Prussiate  of  potash 
Oxalate  of  anmionia 
Oxalate  of  potash 
Alum 
Sulphate  of  zinc 


Salt  in  100  of 
the  folution. 

31-5 


3-5 
16-5 

9-5 
26-5 
17-5 
41-5 
52-5 
64 
45 
40 

40 
55 

29 
40 
52 
45 


BolUng  point. 

213« 

214 

214 

214 

214 

214 

215 

215 

216 

216 

216 

217 

218 

218 

218 

218 

220 

220 

220 


tapping  some  unknoifVTi  tree  in  the  interior  of  South  America.  It  I 
volatile  oil  holding  a  resin  in  solution,  and  begins  to  boil,  I  find,  at  15( 
But  the  temperature  rapidly  rises  as  the  boiling  proceeds;  showing  I 
presence  of  a  number  of  oils  differing  in  their  volatility. 

*  Journal  of  Science,  xviii.  90. 
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CWoride  of  barium 

Salt  in  100  of 
the  solution 

45 

BoUing  point 

220^ 

Carbonate  of  soda 

220 

Phosphate  of  soda 
BoraT 

52-5 

to  to 

to  to 
to  to 

Bisulphate  of  potAsh     . 
Sulphate  of  magnesia    . 
Nitrate  of  strontian 

57-5 
53 

220 
222 
224 

Common  salt 

30 

224 

Tartrate  of  potA^h 
Sulphate  of  nickel 
Sal  ammoniac 

68 
65 
50 

234 
235 
236 

Nitrate  of  potash 
Potash  tartrate  of  soda 

74 
90 

238 
240 

Nitrate  of  soda     . 

60 

246 

Acetate  of  soda    . 

60 

256 

Chloride  of  calcium  (sa 

turated) 

264* 

179 
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The  boiling  point  of  liquids  is  not  quite  so  steady  as  the  Boilioc 
g  or  freezing  point;  for  it  is  affected  by  the  degree  of  edbvtbe 
ire  to  which  the  liquid  is  exposed.  This  was  first  ob-  thelioni©- 
1  by  Boyle  while  engaged  in  his  experiments  with  the  *^* 
mp.  Fahrenheit  afterwards  noticed  that  the  boiling 
of  water,  exajnined  by  the  same  thermometer,  differs  at 
Dt  times.  And  he  found  that  this  depended  upon  the 
t  of  the  barometer.  When  the  barometer  stands  high 
iling  point  is  a  little  higher  than  usual,  while  it  is  a  little 
than  usual  when  the  barometer  is  low.  The  knowledge 
s  fact  induced  him  to  attend  to  the  height  of  the  baro- 
when  he  graduated  his  thermometers.  The  determi- 
.  of  General  Roy  has  been  generally  adopted  in  this 
•y,  as  upon  the  whole  the  most  correct.  The  following 
shows  the  temperature  at  which  water  boils  (according 
i)  at  the  different  heights  of  the  barometer : — 


Barometer. 

26  inches 

26-5 

27 


Boiling  point 

204^-91 

205-79 

206-67 


By  my  determinatioD. 
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(•||^.    Ill,  I'jiroiiictrr.  Boilinf  ixmbi. 

'                          27-5  ....  •207*'-55 

28  ....  20S-43 

•28-5  ....  2(M)-,11 

•21)  ....  210-19 

2tl-5  .         .  21H)7 

M)  ....  212 

3(Kj  ....  212-88 

:n         ....       2i3-7« 

From  thiH  tnblo  it  appears  that  for  cvory  half  inch  of  variation 
in  the  barometer,  tlie  boiling  point  of  water  varies  0-88  of  a 
degree.  Consequently  every  tenth  of  an  inch  that  the  baro- 
meter rises  or  falls  either  raises  or  lowers  the  boiling  point  of 
water  by  0*176  of  a  degree. 

l^he  mean  height  of  the  luirometer  at  the  sea-shore  is  29*82 
inches.     In  this  country  it  seldom  rises  much  higher  than  31 
inches,  or  sinks  nnich  lower  than  28^  inches.     Since  the  year 
1817  to  1831^  \     '!i  inclusivi*)  it  has  never  been  hi|rher  in 
Glasgow  (at  about  50  feet  above  the  level  of  the  sea)  than 
30*8  inches,  nor  lower  than  27*05.*     So  that  in  Cilasgow  the 
boiling  point  of  water  varies  from  213^|  to  208^*4,  or  almoU 
5*33  detrrees  of  F'hrenheit. 
EUatiriiy        5.   Whcii  Hatcf  is  heated  in  close  vessels  and  cannot  make 
lY^^ii  by*  its  escape  till  it  overcome  a  considerable  pressure,  its  boiling 
cSMc^vrt-     P"*"^  '""}'  ''**  made  to  rise  to  a  much  higher  temperature  than 
"^  212"^.     Papin,  an  ingenious  Freneh  physician,  who  resided  ii 

London,  contrived  a  vessel  for  this  pur|K)se,  to  which  he  gave 
thi*   name  of  tliijr^ttr.     It  was  a  cylindrical   cop|H*r  reswl* 
havin;:  a  liil   niet^ly  fitted  to  it  and  kept  fast  by  scn*ws.     l!^ 
this  ve>sel  be  half  til  let  I  vi  itii  water,  and  the  lid  screwed  do«r^ 
ti«:lit,  and  if  it  be  then  set  upim  burnini;  co^d;*,  a  portion  oft) 
water  is  ^non  eon  verted  into  steam.     This  conversion 
at  the  bdilini:  point  of  water.      Kut  the  elastic  vapour 
confined,  pressi'»  upon  the  surface  of  the  water,  and  thus  |>i 
veiit.t  the  eotiviTsion  of  an\  more  of  it  into  steam,  till  lhet< 
jKTature  of  the  water  ri«es  above  the  lioiliiiir  point.      This 
being  conveyetl  to  the  st(*ain,  it  now  becomes  ca|>ableof 

*  It  wti  as  low  ai  27*9^  inrhos  un  'nuiraday,  thr  *iUth  Novcnbrr.  1 
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mg  the  addition  of  another  portion  of  vapour  without  being  Sect.  i. 
condensed  into  water.  Thus  the  quantity,  and  consequently 
the  elasticity  of  the  steam  is  continually  increasing  with  the 
temperature  of  the  water.  By  this  contrivance,  the  tempera- 
ture of  water  has  been  raised,  in  close  vessels,  as  high  as  419^. 
Muschenbroek  even  assures  us  that  he  raised  the  temperature 
of  water,  in  digesters,  high  enough  to  melt  tin.  Now,  tin  fuses 
at  the  temperature  of  442®. 

The  elasticity  of  steam  at  419°,  is  1050  times  greater  than 
that  of  atmospheric  air ;  so  that  it  exerts  a  force  equivalent  to 
14,700  lbs.  upon  every  square  inch  of  the  inside  of  the  vessel 
in  which  it  is  confined.    This  pressure  is  so  enormous,  that  few 
Tessels  can  be  made  strong  enough  to  withstand  it.     Dreadful 
accidents  have  taken  place  in  consequence  of  the  bursting  of 
■ach  vessels.     It  was  to  guard  against  the  possibility  of  these, 
that  what  is  known  by  the  name  of  the  safety  valve  was  added  Sarety 
to  the  digester.     This  consists  of  an  opening  made  in  the  di- 
gester to  let  out  the  steam  when  it  becomes  too  elastic  to  be 
confiDed,  without  hazarding  the  bursting  of  the  vessel.     This 
opening  is  covered  with  a  metal  plate,  ground  flat  so  as  to  fit 
it  exactly.     This  mouth  piece  is  kept  down  by  a  lever,  to  the 
extremity  of  which  is  fixed  a  weight.     This  weight  Is  so  con- 
trifed  as  to  exert  a  force  capable  of  being  overcome  before  the 
^ttticity  of  the  steam  be  great  enough  to  burst  the  vessel. 
Suppose  the  surface  of  the  safety  valve  to  be  a  square  inch; 
'the  weight  exert  an  action  equivalent  to  15  lbs.  the  elasticity 
'  the  steam  must  be  double  that  of  the  atmosphere,  or  its 
^^Jperature  must  be  250°  before  it  forces  open  the  safety 

€.  When  the  steam  of  boiling  water  comes  in  contact  with 
^^  part  of  the  living  body,  it  occasions  instantly  a  most  severe 
*^^;  but  when  steam  from  water  of  a  higher  temperature  why  high 
•  ^^  boiling  water,  high  pressure  steam^  as  it  is  called,  issues  JJ^^7o« 
^^  the  atmosphere,  the  finger    or  any  part   of  the   body  "°*  "**<*• 
^^^y  be  passed  through   it  with  impunity.     It  has  not  the 
^^^iperty  of  scalding ;   and  if  a  thermometer  be  put  into  it, 
find  the  temperature  greatly  below  that  of  boiling  water ; 
that  high  pressure  steam  has  a  much  lower  temperature 
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Chap.  111.  than  loiv  pressure  steam,  or  steam  issuing  freely  from  boilxDg 

water. 

Whoever  has  an  opportunity  of  seeing  these  two  dUfferent 
species  of  steam,  will  find  no  difficulty  in  understanding  the 
reason  of  this  difference.     When  steam  issues  from  the  spout 
of  a  boiling  tea^-kettle,  it  is  at  first  invbible,  and  it  is  not  till 
it  has  advanced  some  distance  in  the  air,  that  it  begins  to 
assume  the  appearance  of  a  visible  cloud.     But  condensed 
steam  is  visible  the  instant  that  it  issues  from  the  mouth  of 
the  pipe.     The  high  pressure  steam  (supposing  its  elastidtf 
double)  occupies  only  half  the  bulk  of  common  steam.    The 
moment  it  comes  into  the  atmosphere  its  volume  is  doubled. 
This  occasions  a  prodigious  increase  in  its  capacity  for  heat, 
and  at  the  same  time  mixes  it  with  the  cold  atmospheric  air. 
These  two  circumstances  sink  its  temperature  so  low,  that  it 
is  no  longer  capable  of  scalding.* 
BoUinic  When  the  pressure  of  the  atmosphere  is  withdrawn,  the 

wuo."'      temperature  at  which  liquids  boil  becomes  much  lower.    From 
the  experiments  of  the  late  Dr  John  Robbon,  of  Edinburgh, 
it  appears  that  by  removing  the  pressure  of  the  atmosphere^ 
the  boiling  point  of  liquids  is  lowered  about  145^  :  hence, 
in  a  good  vacuum,  sulphuric  ether  will  boil  at  the  temperature 
of  —49®,  alcohol  will  boil  at  28*^,  water  at  67^,  and  sulphuric 
acid  at  460^.   Mr  Barry,  of  London,  has  applied  his  knowledge 
of  this  fact  to  the  preparation  of  volatile  oils,  and  the  various  in- 
spissated juices  of  plants  used  in  medicine.    The  stiU  is  con* 
nected  with  a  globular  copper  receiver  of  large  size,  which  is 
filled  with  steam  to  the  exclusion  of  the  atmospheric  air.  Tins 
steam  being  condensed  and  the  communication  between  the  sdB 
and  receiver  being  opened,  the  air  in  the  still  divides  Itsdf 
equally  over  the  still  and  receiver.    The  receiver  being  5  times 
the  size  of  the  still,  it  is  obvious  that  by  this  first  condensation  of 

*  It  is  obvious  that  when  high  pressure  steam  is  coDTcyed  in  fupei^  H 
will  undergo  an  expansion  or  condensation  in  proportion  as  the  diamdcr 
of  the  pipe  increases  or  diminishes.  Accordingly,  its  temperature  wHl  be 
found  to  vary  according  to  the  diameter  of  the  pipe.  Upon  this  salgeoU 
the  reader  may  consult  a  very  curious  set  of  experiments  by  Peter  Ewirt* 
Esq.,  in  the  Philosophical  Magazine  (new  series),  vol.  v.  p.  247. 
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iteam,  the  density  of  the  air  within  the  apparatus  is  reduced  Sect  i. 
to  }.  Another  repetition  of  the  same  process  will  reduce  the 
iemtj  of  the  air  within  the  apparatus  to  ^y,  and  a  third  to 
Tfj.  And  it  is  obvious,  that  by  continuing  the  repetitions 
long  enough,  any  degree  of  exhaustion  whatever  might  be  ob- 
tained. I  have  seen  water  boiling  briskly  in  Mr  Barry's  ap- 
pvatus  at  the  temperature  of  98^. 

This  method  of  boiling  in  vacuo  was  applied  very  ingeni*  iUfiniof 
wdy  by  Mr  Edward  Howard,  to  the  refining  of  sugar.  The  "**'* 
9rap  is  thus  concentrated  to  the  granulating  point  without 
07  risk  of  burning  or  decomposing  any  of  the  sugar  by  too 
■Qch  heat.  This  process  is  now  very  generally  followed  by 
ike  sugar  refiners  of  Great  Britain.  The  sugar  refined  in  this 
*>7  18  beautifully  white,  and  the  loss  sustained  during  the 
pocess  is  greatly  diminished. 

As  steam  possesses  the  elasticity  of  air,  and  as  it  may  be 
'■Qsediately  condensed  by  the  application  of  cold,  it  is  obvious 
ibt  it  may  be  immediately  applied  as  a  moving  force,  and  that 
^pooesses  in  this  way  almost  unlimited  power.  The  medium 
^  which  it  is  so  applied,  is  fjamiliarly  known  by  the  name  of 
'te  engine^  and  constitutes  the  finest  present  ever  made  Steam  en. 
"J  idence  to  the  arts.  It  is  admitted  to  have  been  invented  ^'"^ 
"J  the  Marquis  of  Worcester ;  though  it  does  not  appear  that 
ke  vas  ever  able  to  interest  the  public  in  his  invention,  or  that 
k^ittempted  to  apply  it  to  any  useful  purpose. 

It  was  reinvented  by  Captain  Savery,  who  took  out  a  patent 
^^^wirds  the  end  of  the  1 7th  century,  and  published  an  account 
^itm  the  year  1696,  in  a  book  entitled  the  Miner's  Friend. 

*  Savery's  machine,  the  elasticity  of  steam  was  applied 
^'•ctly  to  force  water  up  a  pipe.  The  waste  of  steam  was 
^  eDormous,  and  the  quantity  of  fuel  necessary  so  great, 
•■•t  it  does  not  appear  ever  to  have  been  attempted  to  apply 

•  directly  for  the  purpose  of  draining  water  out  of  mines, 
*^  was  the  object  that  Savery  had  in  view  when  he  took 
^  kis  patent. 

b  1705,  a  new  patent  was  taken  out  jointly  by  Captain 
^^try,  Mr  Newcomen,  a  blacksmith  at  Dartmouth,  in  De- 
^^•hbre,  and  Mr  Crawley,  a  glazier,  in  the  same  place.  The 
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Chap.  III.  merit  of  the  machine  h«i8  lieeii  universally  ascribed  to  New« 
comcn,  under  whoso  name  it  always  went.  It  consisted 
essentially  of  a  metallic  cylinder,  in  which  a  piston,  made  air 
tighty  was  caimhlc  of  movini^  from  the  top  to  the  bottom.  The 
top  of  the  cylinder  wn.««  open,  the  bottom  close.  The  piston 
was  attaclu*d  to  the  piston  rod  or  chain,  which  connected  it 
with  the  end  of  the  workinti^  beam.  The  working  beam  was 
supported  on  a  gudgeon,  and  tin*  end  opposite  to  that  to  which 
the  piston  rod  wasi  attiiclied  was  loaded,  and  of  course  the 
pump  rod  attached  to  it,  was  at  the  bottom  of  the  well  from 
which  tile  water  was  to  be  pump<Hl.  The  cylinder  is  filled 
with  steam,  till  all  the  air  is  driven  out.  The  piston  was  at 
the  top  of  the  cylinder.  The  steam  in  the  cylinder  is  con- 
densed by  means  of  a  jet  of  cold  water.  A  vacuum  is  produced 
in  the  cylinder.  The  atmosphere  presst^s  upon  the  top  of  the 
piston,  and  forces  it  to  the  bottom  of  the  cylinder.  The  punp 
rod  at  the  other  end  of  the  working  beam  is  drawn  up.  ll 
makes  a  stroke,  and  a  quantity  of  water  is  pumped  out  of  the 
well  or  mine.  Steam  is  again  introduced  below  the  piston  in  , 
the  cylinder,  the  vacuum  is  removed  and  the  piston  rises  to  ^ 
the  top  in  conse({ucnce  of  the  loiid  at  the  other  extremity  o^  S 
the  working  beam.  The  c\  Under  is  filled  with  ^team  as  liefore ;? 
this  steam  is  condensed,  the  piston  is  f(irct*d  down,  more  wat 
is  pumped  up,  and  thus  the  iiuicliine  continue?  to  act  as  loi 
as  it  is  supplied  with  steam. 

The  trreat  improvement  in  the  steam  en*;ine  was  made  h^m 
Mr  Watt.      lie  <'ontrived  to  condense  the  steam  in  a  sepanU*.^, 
pipe,  and  liy  this  means  prevented  the  cylinder  from  bein^ 
cooled  by  the  injection   tif  cold   water.      This  produced 
enormous  sji\  iiig  of  fuel.   He  substituted  steam  for  the  pressu 
of  the  atmofrphere  in  Newronu*n*s  engine,  and  made  the 
rhine  to  act  b(»th  when  thr  piston  d«'sciMiiled  and  asi*endcd 
the  r\  Under.     This  alteration,   toiji'tluT   with  the   nuKle  < 

prtNlucing  a  rlrrular  mutinn,  which  he  ctmt rived,  enabled  L^^/jz 
to  apply  the  steam  eii^jinc  as  a  p<iuer  for  ni«i\iiig  machin^"^  n. 
It  is  now  used  in  (treat  Hrltaiii  tn  a  prodigious  extent,  ^Bmad 
has  t'nrrii*d  tht*  nianurartiir(*s  nf  the  rountry  ti»  a  pitch  wl*  'ch 
It  Mas  iiiipos;ible  tt>  lia\i*  antiripateil.      It   has  of  late  I •-«'«'« 
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tpplied  to  move  vessels  in  the  water,  independent  of  wind  or  '  Sect,  i. 
4de,  and  even  against  those  powers  on  which  formerly  the 
Dotioos  of  ships  entirely  depended.  Thus  it  is  likely  to  in- 
tvodoce  as  great  an  alteration  by  sea  as  it  has  done  by  land. 
Bttt  it  is  not  our  province  to  enter  upon  any  description  of 
this  woDderful  machine.  Abundance  of  descriptions  of  it  have 
been  laid  before  the  public,  to  which  we  beg  leave  to  refer 
tlie  reader. 
7.  Water  is  converted  into  vapour  at  all  temperatures,  even  Elasticity 

,    ,  of  vapour 

«t  32*^  or  lower.  But  the  elasticity  at  low  temperatures  is  low,  below  2\^. 
ttid  it  increases  as  the  temperature  increases,  till  at  212<'  it  is 
e^oal  to  that  of  the  atmosphere,  or  capable  of  supporting  a 
eolumn  of  mercury  30  inches  in  height. 

As  steam  is  employed  in  the  steam  engine  as  a  moving  force, 
^  becomes  a  question  of  considerable  importance  to  determine 
^dasticity  at  different  temperatures,  because  the  knowledge 
*  this  will  put  it  in  the  power  of  engineers  to  determine  the 
*^>perature  at  which  it  may  be  most  economically  employed, 
^  the  strength  of  the  vessels  which  will  be  necessary  when 
^^^^  is  used  at  elevated  temperatures.  The  first  set  of  ex- 
f^itnentB  on  this  subject,  approaching  to  accuracy,  was  made 
"y  Professor  John  Robison,  of  Edinburgh,  and  inserted  by 
^'^^  in  the  article  Steam^  in  the  third  edition  of  the  Encyclo- 
^^^Britannicaj  published  about  the  year  1797.  Mr  Dalton 
Polished  a  still  more  accurate  set  of  experiments  in  1802.* 
He  determined  the  elasticity  of  steam  from  32*^  to  212^  by 
iment;  but  the  elasticities  below  32^  and  above  212^ 
tDferred  from  observing  the  rate  at  which  the  elasticities 
I  ''•termined  by  experiment  increased.  Unfortunately  the  ap- 
L  ^*cation  of  empirical  formulae  never  gives  results  which  can 
I    ••  depended  on,  unless  they  be  confined  within  the  limits  of 

■  ^  experiments.     Dr  lire,  of  Glasgow,  made  an  elaborate 

■  ^  of  experiments  on  the  same  subject  in  1816,  the  result  of 

■  ^  is  published  in  the  Philosophical  Transactions  for  1 8 1 8.t 
^^  ,    ^uthem  had  made  a  set  of  experiments  on  the  same  sub- 

Wm  1803^  and  carried  them  to  considerably  higher  tempera- 
i< 
*^  ^  *  Manchester  Memoirs,  v.  550.  f  Pagpc  338. 
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Cimp.  Ill,  turea  than  Dr  Ure  had  it  in  his  power  to  do.  These  ezpei 
meats  have  been  given  to  the  public  b;  Mr  Watt.*  Thi 
aeem  to  bare  been  made  with  great  care,  and  are  therefore 
considerable  importance. 

The  results  of  all  these  experimenters  may  be  seen  b  4 
following  table : — 


l—EUutidtj/  of  VapoMV  behio  32°  according  to  Dalton. 
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•  They  coMtitutc  an  Appendix  to  Mr  Watt's 
RobiiOD't  nrticlcs  Sham  and  Steam  Engine*. 
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Hut  liy  fnr  the  most  oxtcnitivc  csptTimpnts  nn  this  >i 
were  inaili*  by  n  coiiiiiiittec  of  llw  French  Aruleniy  (if  Si-ii 
eoiuiitinf!  uf  I'roriT,  Ani>;(i,  Goranl,  nnd  Dulunir- 
ex)MTimcnt3  were  the  result  uf  an  applii'stion  of  (he  F 
Kuvernment  to  ih*-  Ara(k*iiiy,  tn  jmint  out  the  liejit  nura 
preventinfc  arritlentx  fnnii  the  hnr^tiiig  nf  the  boilers  of 
fnuiiien.  The  ft>ll<iit  iiii:  tabk-  i-xhibiis  the  elaxticity  of 
nt  varioiiB  teni[H'raiurc».  till  it  aiiiiiuii(>  to  34  atmoaphci 
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:ermmed  by  these  gentlemen  :  an  atmosphere  is  measured    Sect.  I. 
a  column  of  mercury  of  29*922  inches  (0*76  metre),  which 
<  been  adopted  in  France  as  the  mean  height  of  the  baro- 
rter  at  the  surface  of  the  sea : — 
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Fahrenheit. 

sphere  being  1. 

1 

212^ 

13 

380-66^ 

u 

234 

14 

386-94 

2 

250-5 

15 

392-86 

2J 

263-8 

16 

398-48 

3 

275-2 

17 

403-83 

3J 

285 

i           ^^ 

408-92 

4 

293-7 

19 

413-78 

^ 

300-3 

20 

418-46 

5 

307-5 

21 

422-96 

H 

314-24 

22 

427-28 

6 

320-36 

23 

431-42 

6i 

326-26 

24 

1 

435-56 

7 

331-7 

1 

7J 

336-86 

25 

439-34 

9 

8 

341-78 

30     . 

457-16 

9 

350-78 

35 

472-73 

10 

358-88 

i            40 

486-59 

11 

366-85 

45 

499-14 

12 

374 

!            50 

1 

510-6 

*1ie  last  six  temperatures  in  the  table  are  deduced  by  cal- 
^ion.  The  Commissioners  of  the  Academy  employed  the 
^«ila«  =  (+0*7153  ty.  In  this  formula  e  expresses  the 
ticity  in  atmospheres  of  0-76  metre  (29-922  inches)  pres- 
5>  and  t  the  temperatures  setting  out  at  100°  centigrade 
2^  Fahrenheit).  For  the  methods  employed  to  determine 
^  temperature  at  the  various  elasticities  in  the  table,  and  the 
^Cautions  taken  to  avoid  errors,  I  refer  the  reader  to  the 
port  inserted  in  the  Annalea  de  Chimie  et  de  PhyaiquCy 
2.74. 

This  table  of  the  French  Academicians  constitutes  a  pre- 
■I  addition  to  our  knowledge  of  the  elasticity  of  steam, 
le  experiments  which  were  conducted  by  Dulong  and  Arago, 
ilitiite  some  of  the  most  difficult  and  even  dangerous  for 
di  science  is  indebted  to  the  zeal  and  intrepidity  of  philo- 
bers.     Mercury,  by  the  elasticity  of  the  steam,  was  forced 


190  II  BAT. 

^'hap^l  1 1,  up  a  tube  of  triads  tu  tin*  lu*i(;lit  of  42'ti5 1 7  feet.  The  diametrr 
of  tlu*  tube  wiL<4  O'liMiH  inchrs.  Thi*y  tcnik  the  op)>ortunitj 
of  subjrctiiii:  connnou  air  to  the  pressure  of  from  1  to  24  aU 
inospheres,  auii  found  that  the  HoyK*an  law,  name]y«  that  the 
bulk  (liniinishrs  as  the  pr<*ssun*  iuiTease^*,  holds  as  far  a# 
twenty-four  atmospheres. 

We  s<v  that  the  elasticity  increases  at  a  very  rapid  rate 
with  the  temperature.  Atti*mpts  haTebei*n  made  to  repre«ent 
this  increase  liy  empirical  formulas,  so  as  to  enable  us  to  colco* 
late  the  elasticity  of  st(*am  for  any  l^vcu  temperature.  But 
such  fornuilas,  from  the  imperfection  of  the  data  on  wkirk 
they  are  founded,  cannot  he  accurate,  and  inde<Hl  do  not  apply 
to  higher  temperatures  than  those  deducetl  from  experiment. 
I'hey  are  therefore  of  little  use ;  and  iudei^d  arc  very  apt  to 
mislead.     I  think  it  better  therefore  to  omit  them. 

8.  It  will  be  MHMi  by  iii^ pectin^  the  ttible  inserted  in  page 
I7H  of  this  volume,  that  the  boilin;:  point  of  saline  sidutiont 
is  liiL'hcr  than  that  of  water.  Thus,  a  saturated  solution  of 
saltpetre  docs  not  boil  till  raised  to  tin*  temperature  of  23^?. 
Now,  it  has  hitherto  been  >upposcd,  that  the  steam  emitted 
from  these  bi>ilin:r  >olution>  is  as  hii:h  as  the  iMiilini:  point  uf 
tiic  solution  it-elf.  Hut  Kudbcrir  has  shown  that  thi.4  i«  not 
the  case  :  and  that  uliate\(T  be  tiie  strenijth  of  the  hoilini* 
solution,  (»r  the  temperature  at  which  it  boiU,  the  heat  of  th^ 
stcaui,  trfirin  jnirihu^^  is  aUa\-«  21*J"'.*  The  saline  solutions 
tried  were  of  nitrate  of  lime  i»f  various  strensrths,  of  saltprtrv« 
ofcarbunate  of  pota.-li,  and  of  chloride  of  calcium. 

The  reason  of  tbi-i  cuiistancy  at  212^  i.^  prettv  obvious  ;  and 
miirht  lia\e  lieen  t'oreoeen  jiati  tho«eHht>  atfirnied  the  contrarr 
taken  the  trouble  to  con>id«T  the  phenomena  with  attimtion. 
Sii|>pose  we  dissolve  74  parts  of  >altpetre  in  100  parts  «/ 
water,  whlrii  x^  ne.irl\  tlie  si>hibilit\  uf  tiiat  salt  in  water  of 
the  temperature  2112".  Tiie  M>bition  con-*iAts  of  an  atom  of 
saltpetre  united  to  aliout  I'iatonH  tif  \iatiT.  The  wafer  must 
be  attracted  by  tlie  -alt  aipl  thus  |ire\eiited  frum  e^oapini?  in 
oteani    till    the  tenipiTatiirc  reacbc'-  23^   ,    when   it   i«   hifh 
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enough  to  have  an  elasticity  capable  of  balancing  that  attrac-  Sept.  i. 
tion.  But  only  pure  water  is  converted  into  steam,  for  no 
■ensible  quantity  of  the  salt  is  evaporated.  The  instant  that 
tins  steam  quits  the  solution,  its  temperature  must  be  238^. 
But  as  its  density  Is  greater  than  that  of  the  atmosphere,  it 
expands  the  moment  it  assumes  the  elastic  form  till  its  elasticity 
just  equals  that  of  the  atmosphere.  This  expansion,  which  is 
mttantaneous,  reduces  its  temperature  to  212^.  Whatever 
tiherefore  may  be  the  heat  of  boiling  saline  solution,  that  of  the 
Meam  measured  by  the  thermometer  must  be  always  212^. 

9.  Water  is  not  the  only  liquid  whose  vapour  has  been  ex- 
amined with  care.  There  are  eight  others  whose  boiling 
pohitiTi  and  the  speciiSc  gravity  of  whose  vapours  have  been 
determined  almost  entirely  by  the  sagacity  and  industry  of 

IL  Gay-Lussac.     The  following  table  exhibits  the  boiling  fi^m  other 
points  and  specific  gravities  of  the  vapours  of  these  various  ^v^^^^ 
Bquids: — 

^.  gravity,  air  being  1.  Boiling  point. 

Water  .         .        0-6235*  212° 

0-6250t 
HyArocyanic  vapour       0*9476*  79*7 

Pjroxylic  spirit  M20  150 

Alcohol         .        .        1-6030*  173 
Mnriatic  ether                 2*21 9t  52 

Solphoric  ether      .        2*586*  96 

2-5808t 

Bisulphnret  of  carbon     2*6447*  116 

2*6386t 
Oil  of  turpentine   .         5*013*  314 

Hjdriodic  ether     .        5*4749*  .         148 

10.  These  specific  gravities  are  compared  to  that  of  air, 
vfcich  ia  considered  as  1,  when  heated  to  the  boiling  point  of 

liquid.  They  do  not  therefore  enable  us  to  form  a  correct 
of  the  increase  of  volume,  which  takes  place  when  each 


Gay-Lnanc,  Ann.  de  Chim.  xd.  95,  150.^ Ann.  de  Chim.  et  de 
L2ia 

^  DcjpfCtg,  Ann.  de  Chim.  et  de  Phys.  xxi.  143. 
^  Theuudf  Blem.  d*Arcuei]«  i.  121. 
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CfcM.  111.  ]if{uid  i8  converted  into  vapour.  I  have  therefore  calcuL 
the  following  table,  exhibitinir  the  sperific  gravity  of  the  va| 
of  each  at  the  boiling  point,  if  we  reckon  the  specific  gra 
of  air  at  60^  to  l>e  unity  : — 

flp  giavKy  Jl  ttDtlusg 
pouit,  air  acA^'  bauif  I. 

Steam IMHI 

Hydrocyanic  va|>our  0^12 

Alcohol 1-311 

Muriatic  other     ....  2*235 

Sulphuric  other    .                            .  2*415 

BiHulphurot  of  carl>oii                     .  2*37'> 

Oil  of  tuq>outiiie                             .  3*342 

Hydriodic  otlior                               .  4*0W 

The  specific  gravity  of  these  liquids,  from  which  xl 

vapours  are  produced,  is  at  the  temperature  of  60o  at 

lows : — 

TrotipfrU  Water 1-000 

fiegnviiy  Hydrocyanic  acid O-703!l 

Alcohol 0-79^ 

Muriatic  other 0-874  * 

Sulphuric  other      .....  0*^32 

Bisulphur(*t  uf  carl>oii     ....  1*272 

Oil  of  turi>eiitiiio 0*71*2 

HTdriiMlic  other I*li20f>t 

Ky  a  very  careful  set  of  experiments  made  by  l>r  Pre 
it  has  bt^en  ascertained  that  at  the  temperature  of  32*.  i 
under  a  pressure  of  30  inches  niercui*}*,  100  cubic  inches 
atmospherical  air  weii;h  32'71)  ^^rains;  and  at  the  temp 
ture  of  60^,  ami  when  the  barometer  stands  at  30  inches 
cubic  inchos  of  air  woiirh  31*01 17  grains.  From  these  i' 
it  is  easy  to  calculate  the  increase  of  bulk  which  each  of  tl 
lif|uids  under^(H*s  wIkmi  conviTted  into  vapour,  at  the  IhmI 
point  of  each  lic|uiil : — 


•(  |ii|«iid« 
tihvn  r«ii. 
«rrir4  ltil« 


Water 

tnrrratf  i.r  tolufo* 
«litfi  ntfitrflnl 
mill  Tj|MHiff 

liM» 

• 

Hvdnicvaiiic  uriil 

»;2.V7 

• 

• 

325 

Alcohol 

4113-5 

• 

• 

2*57 

•  AMI". 

t  At 

7r'. 
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Muriatic  ether  314*15 

Sulphuric  ether    .  212-18 


Increase  ofvolume  Increase  of  volume,  c^*    i 

wbeo  converted  that  of  turpentine  ' 

into  vapour.  §  vapour  being  I . 

1-6 

M 

2-26 

1 

1-7* 


Bisulphuret  of  carbon      434*06 
Oil  of  turpentine  1 92*1 5 

Hydriodic  ether      .         333*74 

It  is  obvious  from  this  table  that  when  water  is  converted 
into  steam,  it  undergoes  a  much  greater  expansion  than  any 
other  liquid  hitherto  exammed.  It  expands  8  times  as  much 
18  sulphuric  ether,  and  almost  3^  times  as  much  as  alcohol. 
Tlus  explains  a  phenomenon,  which  may  at  first  sight  appear 
fmdoxical, — why  the  vapours  of  alcohol  and  ether  are  heavier 
ftin  those  of  water,  though  the  liquids  themselves  which  pro- 
^  these  vapours  arc  lighter  than  water. 

H.  I  had  supposed  from  analogy  that  the  specific  gravity 
rfthe  vapour  of  water  is  proportional  to  its  elasticity.  Had 
■M  been  so,  as  we  know  the  specific  gravity  of  steam  at  21 2° 
to  be  0*625,  it  would  be  easy  to  calculate  it  for  any  other 
teperature;  but  M.  Despretz  has  shown  by  experiment, 
wit  this  analogy  does  not  hold.f  An  empirical  formula  might 
*Wuced  from  Despretz's  experiments,  provided  we  could 
•••Me  in  their  accuracy ;  but  it  will  be  sufficient,  if  in  this 
F'cc  IJgive  the  weight  of  100  cubic  inches  of  vapour,  at 

*  O^^nard  de  la  Tour  made  a  curious  set  of  experiments  which  deserve 
^  be  oodoed.  He  enclosed  ether,  alcohol,  and  water,  in  small  glass 
Ma^  which  were  never  more  than  half  filled.  He  sealed  the  tubes  her- 
MiaDjr  without  expelling  the  air  from  the  empty  portion.  He  then  ex- 
pMBd  the  tubes  to  heat  till  the  liquids  assumed  the  gaseous  form. 
Aher  became  gaseous  in  a  space  scarcely  double  its  volume  at  the  tem- 
Mve  of  320^ :  pressure  38  atmospheres.  Alcohol  became  gaseous 
lti|Moe  about  thrice  its  volume  at  the  temperature  of  404^^:  pressure 
■it  119  atmospheres.  Water  broke  the  glass  tube,  because  it  began  to 
■olve  it  When  thb  was  prevented  by  adding  a  little  carbonate  of 
hb  tlie  water  became  gaseous  in  a  space  four  times  its  volume  at  the 
ipenitore  at  which  zinc  melts,  or  about  773^. 

*  Ann.  de  Chim.  et  de  Phys.  xxi.  150.     He  found  the  specific  gravity 
npoor  to  be  at 

660'75 0-00772 

63-89 000587 

O 
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CtoR.111.  all  temperatures  from  3So  to  -f  80o  as  calculated  by  M 

DaltoD :— • 

WffigiMcr 

0-492 

0-509 
0-521 
0-539 
0-551 
0-5G9 
0-580 
0-598 
0^10 
0«27 
0445 
0-662 
0-680 
0-700 
0-721 


Tftiifk 

32** 

WrlfhtoT 

lltniacbM 

(Iraiiu. 

0-178 

49* 

OraiM. 

0-313 

33 

0-184 

50 

0-323 

34 

0-191 

51 

0-329 

35 

0-197 

52 

0-341 

36 

0-203 

53 

0-354 

37 

0-209 

54 

0-366 

38 

0-216 

55 

0-378 

39 

0-222 

56 

0-384 

40 

0-229 

57 

0-396 

41 

0-235 

58 

0-402 

42 

0-245 

59 

0-414 

43 

0-255 

60 

0-420 

44 

0-267 

61 

0-432 

45 

0-275 

62 

0-444 

46 

0-284 

63 

0-456 

47 

0-293 

64 

0-468 

48 

'»-303 

65 

0-480 

I 


i  66* 

I  67 

!  68 

69 
70 
71 
72 
73 
74 
75 
76 
77 
78 

79 
80 


ThmrfU 


12.  Such  are  the  phenomena  of  the  conTcrtion  of  liqiud 
into  elastic  fluids.  Dr  Black  applied  his  theory  of  lata 
heat  to  thb  conversion  with  great  sagacity*  and  demonatrata 
that  it  is  owing  t  •  the  very  same  cause  as  the  convenioii  i 
solids  into  Iiquid:s ;  namely,  to  the  combination  of  a  oertai 
dose  of  caloric  with  the  liquid,  without  any  increase  of  Ira 
perature.  The  truth  of  this  very  important  point  waa  asli 
blished  by  the  following  experiments  : — 

First.  When  a  vessel  of  water  is  put  upon  the  fire,  t)i 
water  gradually  becomes  hotter  till  it  reaches  SIS^;  afka 
wards  its  temperature  is  not  increased.  Now,  heat  Basl  I 
constantly  entering  from  the  fire  and  combining  with  tl 
water.  liut  as  the  water  does  not  become  hotter,  the  ha 
must  combine  with  that  part  of  it  which  flies  oflT  in  the  §am 
of  ftteam  :  but  the  t«*m|)erAture  of  the  steam  is  only  SIS* 
therefore  this  adtlititmal  heat  does  not  increase  its  teoipcn 
tun*.  We  must  roiirlude,  then,  that  the  change  of  water  1 
steam  is  owing  to  the  combination  of  this  heat ;  for  it  pn 
duces  no  other  change. 

Dr  Black  put  some  water  in  a  tin-plate  vessel  upoo  a  re 


*  Nrw  Sjttcm  ol  CbemUtrjr,  u.  SM. 
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bot  iron.  The  water  was  of  the  temperature  50^ :  in  four  Sect.  i. 
viiiiutes  it  began  to  boil,  and  in  twenty  minutes  it  was  all 
boiled  off.  Daring  the  first  four  minutes  it  had  received 
162«,  or  40^0  per  minute.  If  we  suppose  that  it  received  as 
much  per  miimte  during  the  whole  process  of  boiling,  the 
caloric  which  entered  into  the  water  and  converted  it  into 
steam  woold  amount  to  40^  X  20  =:  810.*  This  heat  is  not 
indicated  by  the  thermometer,  for  the  temperature  of  steam  is 
only  212^ ;  therefore  Dr  Black  called  it  laient  heat. 

Second,  Water  may  be  heated  in  a  Papin's  digester  to  400^ 
without  boiling:  because  the  steam  is  forcibly  compressed, 
and  prevented  from  making  its  escape.  If  the  mouth  of  the 
vessel  be  suddenly  opened  while  things  are  in  this  state,  part 
of  the  water  rushes  out  in  the  form  of  steam,  but  the  greater 
put  still  remains  in  the  form  of  water,  and  its  temperature 
instantly  sinks  to  212^ ;  consequently  188^  of  heat  have  sud- 
denly disappeared.  This  heat  must  have  been  carried  off  by 
ihm  steam.  Now,  as  only  about  }th  of  the  water  is  converted 
into  steam,  that  steam  must  contain  not  only  its  own  188^, 
Wfc  also  the  188^  lost  by  each  of  the  other  four  parts ;  that  is 
to  say,  it  must  contain  188<>  X  5,  or  about  940o.  Steam, 
fberefore,  is  water  combined  with  at  least  940<>  of  heat,  the 
presence  of  which  is  not  indicated  by  the  thermometer.  Tliis 
eEperiment  was  first  made  by  Dr  Black,  and  afterwards,  with 
more  precision,  by  Mr  Watt. 

Third.  When  hot  liquids  are  put  under  the  receiver  of  an 
air-pump,  and  the  air  is  suddenly  drawn  off,  the  liquids  boil, 
and  tbeir  temperature  sinks  with  great  rapidity  a  considerable 
munber  of  degrees.  Thus  water,  however  hot  at  first,  is  very 
noon  reduced  to  the  temperature  of  70® ;  and  ether  becomes 
noddenly  so  cold  that  it  freezes  water  placed  round  the  vessel 
wfcicb  contains  it.  In  these  cases  the  vapour  undoubtedly 
cSDiies  off  the  heat  of  the  liquid ;  but  the  temperature  of  the 
impoor  is  never  greater  than  that  of  the  liquid  itself:  the  heat 
tberefore  must  combine  with  the  vapour,  and  become  latent. 

Fourth.  If  one  part  of  steam  at  212o  be  mixed  with  nine 
by  weight  of  water  at  62o,  the  steam  instantly  assumes 

*  Black*!  Lecturesi  i.  157. 
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ciiap.  III.  the  form uf  water,  niui  tlu*  toiii]MTatiiri*  after  mixture  is  1 7 ^  *fi ; 
consci|ueiitly  each  i»f  the  nine  parts  (if  water  ha^  nvei^eil 
I  I6"-G  of  eaiorir :  antl  the  steam  has  ioi^t  !*  X  1 1G'fi  =  1 049  -4 
of  cahirie.  Uui  as  the  temperature  of  the  steam  i:s  iltminis»he«l 
by  33^*3,  we  must  subtract  this  ^nm.  There  will  remain 
rather  mi>rc  than  1000^«  which  is  the  quantit\  of  heat  which 
existed  in  the  steam  wit  lion  t  imTea^^inir  its  tem|»crature.  "Iliia 
experiment  cannot  bt*  nuuK*  directly,  but  it  mii\  Ih*  made  by 
pa£tsin*r  a  <:iren  weiirht  of  steam  throui;h  a  metallie  womu 
8urroun<U*d  )>y  a  i;iven  wei::lit  of  watiT.  '^I'lie  heat  ari|uirp«l 
by  the  water  indicates  the  heat  which  tlie  steam  pive^  out 
duriiiff  its  condensation.  Mr  Watt  was  the  first  pi-rson  who 
attempted  to  determine  accurately  the  latent  heat  of  s teams 
with  precision.  His  experiments  were  made  in  1781;  but 
the  account  of  them  has  been  only  published  in  Mr  Watt's 
edition  of  the  articles  Sieam  and  Steam  Engine^  by  Pmfessor 
Robistm.*  The  result  of  the  ex|MTiments  is,  that  the  latent 
heat  of  steam  is  950  ^  This  a L'recs  nearly  with  the  deter- 
mination of  Mr  Southern  in  1^03.  He  found  it  in  three 
experiments  made  ;it  \it\  liijh  temperatures  1)42-,  1M2^,  ami 
950**.t  The  experimoiits  i«f  I.a\tii^icr  make  it  rather  more 
than  1000".  AceurtlinL'  ti)  lliniiford  it  auiouiit!*  to  1040  =  -^. 
Thus  we  have  the  lafi-nt  heats  nf  -iciiii  a-i  fullnus  :  — 

Watt 1*50 

SMithrni  ....  !Mt> 

I^rnisiiT  ....  hNNi 

Kmiifirii  lOt(hH 

I)e!»jin't/  ....  1#5.>**» 

Mean  •  [i'!^''^ 

This  number  1»7'*"*3  cannot  deviati*  very  far  from  the 
truth.  We  cannot  err  much  then,  if  we  atlopt  fur  the  lalmt 
heat  of  steam,  I000\  which  was  the  nuinlM*r  establisbofl  b} 
th<*  ex|ieriments  of  Lavoisier.  1  am  satisfied  from  some  triab 
which  I  Mime  timeai;o  matle,  tliat  the  true  nuni(>er  is  not  ud-> 
der  1000°,  if  it  ibn^s  n<it  e\iee<l  it. 

inrmlrTu       ^*^'    '^   '***"*   '**'*'"  alreaih    observed,  that   in  a  vacuuin«  llie 
iWarnaibir  boilini;  itoiut  of  liiiuids  is  hiwered  bv  about  1 4.%*'.      It  occurrvi 

dimliiiibrt.  ^   '  ' 

*   i*JU'r  fi.  t   IliiiJ.  p.  IfU. 
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to  Dr  Black  many  years  ago,  that  by  distilling  ardent  spirits    Sect,  i. 
in  wsLCUOj  a  great  saving  of  fuel  would  probably  result.     The 
project  was  first  attempted  to  be  realised  by  Mr  Watt.     He 
balf  filled  a  small  still  with  water,  and  then  closely  united  it 
with  the  receiver.     The  receiver  had  a  small  hole  in  its  bottom, 
which  had  a  plug  fitted  to  it.     The  water  in  the  still  was 
made  to  boil  violently  till  all  the  air  within  the  apparatus  was 
forced  by  the  steam  out  at  this  hole.     While  the  steam  was 
blowing  violently  out  at  the  hole,  it  was  suddenly  stopped  by 
the  plugf  and  the  bottom  of  the  still  was  set  on  ice.     This 
8oon  cooled  the  contents^  and  the  steam  within  the  apparatus 
was  condensed  into  water.     A  lamp  was  now  set  under  the 
still,  and  in  a  few  minutes,  the  whole  apparatus  grew  warm — 
a  proof  that  steam  was  produced  from  the  water,  and  that  it 
was  passing  into  the  receiver.     Cold  water  was  put  into  the 
refirigeratory  and  the  distillation  went  on — slowly  indeed,  but 
very  well ;  and  the  ebullition  was  distinctly  heard  in  the  still 
although  the  head  of  it  was  scarcely  sensibly  warm  to  the 
hand :  but  the  result  of  the  process  was,  that  the  latent  heat 
of  the  steam  was  greatly  increased  by  the  diminution  of  its 
KDsible  heat.     The  temperature  of  the  steam  in  the  experi- 
Bent  was  found  to  be  100°.     The  water  in  the  refrigeratory 
was  raised  by  the  condensation  of  this  steam  from  57^  to  77^, 
sod  the  vessel  had  acquired  as  much  heat  as  would  have 
wised  the  water  1° ;  consequently  21®  of  heat  had  been  ac- 
quired from  the  steam.     The  quantity  of  water  distilled  was 
rr  of  that  in  the  refrigeratory.      Therefore,  21oX  51  will 
gire  the  heat  extricated  from  the  steam.     This  amounts  to 
1071.     From  this  we  must  subtract  the  sensible  heat  lost  by 
fle steam;  for  it  was  cooled  down  from  lOOo  to  77s  so  that 
ft  lost  23''.     The  remainder  1048s  is  the  latent  heat  of  the 
flteam.     The  latent  heat  of  steam  at  212^,  according  to  Mr 
Watt's  experiments,  made  with  a  similar  apparatus,  is  940®  : 
hence  it  follows,  that  the  latent  heat  of  steam  of  100^  ex- 
ceeds that  of  212<>  by  lOS^,  which  is  very  nearly  the  difier- 
eoee  between  the  sensible  heats  of  the  two  steams. 

Mr  Watt  made  other  experiments  with  much  more  care. 
He  found  that  water  distils  perfectly  well  at  70s  and  that  in 
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Chap.  Ill,  this  State  the  latent  heat  approaches  1300^,  and  certuDljr 
exceeds  1200°.  The  unexpected  result  of  these  experimeotfl 
is,  that  no  advantage  is  to  be  expected  in  the  manufecture  of 
ardent  spirits  by  distilling  in  vacuo ;  for  the  latent  heat  of 
the  steam  is  as  much  increased  as  the  sensible  heat  is  dinuD- 
ished. 

A  little  consideration  will  satisfy  us  that  this  fact  miglit 
have  been  anticipated,  had  Mr  Watt,  when  he  made  his  a- 
periments,  been  aware  that  the  volume  of  vapour  in  a  given 
weight  increases  in  proportion  as  its  sensible  heatdimimihosv 
for  its  specific  heat  must  increase  with  this  augmentation  o^ 
volume,  and  occasion  an  increase  of  heat  necessary  to  naiif 
tain  its  temperature  just  proportional  to  the  diminution  of  tk'^ 
sensible  heat. 

tJ^^^*        In  the  year  1813,  a  paper  was  published  by  Mr  l%arpe,L« 
the  2d  volume  of  the  2d  series  of  the  Maneiesier  MtmA^ 
He  shows  in  this  paper ;  1.  That  if  the  source  of  heat  be  tk^ 
same  or  invariable,  water  heats  equably  or  in  the  same 
from  120^,  up  to  the  highest  temperature  which  it  can 
without  boiling.     Suppose  for  example,  that  it  is  heated  frotf* 
120<'  to  130O,  or  lO''  in  three  minutes ;  then  it  will  be  heatr^ 
from  270o  to  280°,  in  exactly  the  same  time.     The  reasoo  cf» 
this  equality  probably  is,  that  the  difference  between  the  teov 
perature  of  the  fire  (the  source  of  heat  in  these  experiments^ 
and  the  water  was  so  great,  that  the  150°  or  200°  which  b»^ 
been  added  to  the  water,  had  no  sensible  effect  in  diminisUiB!^ 
that  difference.      2.  That  whatever  be  the  temperature  o» 
steam  from  212°  upwards,  if  we  take  the  same  weight  of  i^ 
and  condense  it  by  water,  the  temperature  of  the  water  wiD 
always  be  raised  the  samenumber  of  degrees;  or,  in  otherwarto 
the  absolute  quantity  of  heat  is  always  the  same  in  the  M*' 
weight  of  steam,  whatever  the  temperature  of  that  steam  is* 
M.  Clement  informed  me  a  good  many  years  ago,  that  he  hil 
established  the  same  fact  by  a  set  of  experiments  of  his  own. 
And  I  have  seen  frequent  allusions  to  these  experiments  o( 
Clement  in  the  French  journals,  though  I  am  not  aware  that 
the  experiments  themselves  have  ever  been  published. 
From  these  experiments  of  Mr  Sharpe,  confirmed  as  thej 
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Wfe  been  by  those  of  Clement,  it  follows  that  the  latent  and  Sect,  l 
MMible  heats  of  steam  added  together,  make  a  constant  quan- 
tity; or,  in  other  words,  that  the  latent  heat  diminishes  as 
tleiensible  heat  increases,  and  vice  versa.  Thus,  Mr  Sharpe 
Iftai  proved  that  the  truth  which  Mr  Watt  established  under 
tie  boiling  point,  holds  also  above  the  boiling  point,  and  that 
tie  proposition  is  universally  true. 

If  we  neglect  all  that  portion  of  sensible  heat  which  lies  Latent  and 
bdow  32^,  we  may  say  that  at  212<',  the  sensible  heat  of  heauaron- 
stem  is  I8O0,  while  its  latent  heat  is  1000<^,  making  together  uty.  ^"^" 
tto  Bun  of  llSOo.     And  this  sum  being  constant,  we  can 
■ttly  determine  what  the  latent  heat  of  steam  is  at  any  tem- 
peratiire.     We  have  only  to  subtract  the  sensible  heat  from 
Ika  constant  quantity  IISO^.     The  following  little  table  ez- 
.  Ulati  the  latent  heat  of  steam  at  different  temperatures : — 

LaUotbMt 


32« 

1180 

36 

1176 

66 

1156 

78 

1134 

100 

1112 

125 

1087 

150 

1062 

Tamp. 

LatantbMt. 

180^ 

1032 

212 

1000 

250 

962 

293-4 

918-6 

343-4 

868-6 

419 

793 

k  is  obvious  from  this  table,  that  while  the  specific  gravity 

^dtttioity  of  steam  increases  in  a  geometrical  progression 

*Q  a  ratio  of  2,  the  latent  heats  diminish  in  a  geometrical 

iNgresrion  whose  ratio  does  not  very  much  surpass  unity, 

hini|  probably  1*0306.     We  might  therefore  calculate  the 

taperatore  at  which  the  elasticity  of  steam  increases  in  a 

leometrical  progression  whose  ratio  is  2,  or  carry  the  table 

ghtt  in  page  186  to  any  length.     The  following  will  serve 

Mft  speeimen  of  the  way  in  which  this  might  be  done  :— 

ElMtklty  in  incbw 

Tiia|>watiira.  of  mercury. 

293^-4 120 

343*4 240 

370*2 480 

395-2 960 

419*5 1920 

It  is  obvious,  however,  that  the  elasticity  by  no  means  in- 
at  so  great  a  rate  as  we  have  supposed  from  the  table 
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Chap.  Ill,  in  page  186.  I  think  there  can  be  no  doubt  that  somewhere 
about  350^,  the  increase  of  elasticity  begins  to  follow  a  much 
smaller  rate.  For  the  elasticity  at  419^,  as  we  learn  from 
the  experiment  of  Perkins,  instead  of  1920,  is  only  equal  to 
1050  inches  of  mercury. 

If  we  could  apply  such  a  pressure  to  water  that  we  could. 
heat  it  till  its  sensible  heat  rose  to  1212^,  it  is  obvious  that  ift 
would  be  converted  into  steam  having  the  specific  gravity  ^ 
and  consequently  the  volume  of  the  original  water.  Tk^ 
latent  heat  of  such  steam  would  be  0® ;  but  its  elasticity  wool  ^3 
be  prodigious.  The  instant  that  the  pressure  upon  it 
removed,  it  would  expand,  and  its  latent  heat  would  ini 
at  the  expense  of  its  sensible  heat.  It  is  obvious  fromthS^ 
that  the  existence  of  latent  heat  in  steam  is  owing  to  its  €^ 
pansion  and  the  consequence  of  its  expansion,  and  thatth  ^^ 
moment  we  reduce  it  to  the  bulk  of  the  water  from  wludi 
was  generated,  all  the  latent  heat  becomes  sensible.  We  ma; 
conceive  that  water  has  a  strong  affinity  for  heat,  that  an 
mosphere  of  it  accumulates  round  every  integrant  particle 
the  water,  and  by  its  repellent  property  forces  the  aquem*-^ 
particles  nearly  twelve  times  farther  from  each  other  tha^^^ 
when  they  constituted  water. 

l^tent!hfAt      14,  Pew  experiments  have  hitherto  been  made  to  determii^^ 

of  other  * 

liquids.       the  latent  heats  of  other  liquids.     A  few  have  been  deter^ 
mined  by  M.  Despretz  and  by  Dr  Ure,  by  the  method  end- 
ployed  by  Mr  Watt.     Count  Rumford's  modification  of  tlm« 
process  constitutes  a  great  improvement.     He  sunk  the  wat^^* 
in  the  refrigeratory  4<>  lower  than  the  temperature  of  the 
room,  and  continued  the  distillation  of  the  liquids  under  eS^ 
amination  till  the  temperature  of  the  water  had  risen  4^  higher 
than  that  of  the  room.     During  the  first  part  of  the  procea^ 
the  water  of  the  refrigeratory  was  imbibing  heat  from  tb« 
room ;  during  the  last  part  of  the  process  it  was  giving  (Hit 
heat  to  the  room,  and  these  two  opposite  currents  must  have 
just  balanced  each  other.     He  then  determined  the  weight  of 
the  liquid  which  had  distilled  over,  and  thus  was  able  with  eaie 
to  determine  its  latent  heat.    The  following  little  table  exhibit! 
the  latent  heats  of  such  vapours  as  have  been  examined : — 
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»hol  rapour  (sp.  gr.  0*793)* 

hnric  ether  (sp.  gr.  0*7 15)* 

oi  turpentine* 

wmia  (sp.  gr.  978)f 

ic  acid  (sp.  gr.  l'494)f    . 

hthaf      .... 

f  we  calculate  the  latent  heats  of  these  diflFerent  vapours 
n  their  expansions  we  obtain  the  following  results : — 


Latent 
heats. 

1000^ 
597 
314 
299-16 
837-28 
531-99 
177-87 


Eiiii.     Sect.  H. 
referred  to 

water. 

1000® 
375-86 
163-44 
138-24 
862 
335 
73-77 


Latent 
heat«. 


Ditto 

referred  to 

water. 


Alcohol  ...  578**  .         360** 

Ether 236-7         •         123-1 

Oil  of  turpentine    .         .         .         246-7         .         IH 
^  these  are  considerably  below  the  experimental  results, 
sinains  to  be  seen  whether  there  be  an  error  in  the  expan- 
^  or  whether  the  conclusion  that  the  latent  heat  should 
proportional  to  the  expansion  be  erroneous. 


SECTION    11. — OF  GASES. 

The  word  gas  appears  to  have  been  introduced  into  che-  ^.J^J^.®^ 
iFy  by  Van  Helmont.  He  seems  to  have  applied  the  term  gat, 
ft^cry  thing  which  is  driven  oflF  from  bodies  in  the  state  of 
>«ir  by  heat.f  It  was  introduced  into  modem  chemistry 
Haequer,  who  applied  it  to  all  those  substances  which  Black, 
tCBtley,  and  Cavendish,  and  the  British  chemists  in  general, 
lealled  airs.  Macquer  was  of  opinion  that  atmospherical 
w  a  simple  or  elementary  body,  while  those  bodies  to  which 
^term  ffos  was  applied  by  him,  were  in  bis  opinion  com- 

^ipretz ;  Ann.  de  Chim.  et  de  Phys.,  xxiv.  323.     It  is  probable  that 
•"■tos  given  are  rather  under  the  truth. 
^^^;  PhiL  Trans.  1818,  p.  388. 

t  QfeiKrides  gases  into  five  classes.  "  Nescivit,  inquam,  Schola  Galenica 
"'^  diffisrentiam  inter  Gas  ventosum  (quod  mere  aer  est*  id  est  ventus 
vQetam  bias  commotus),  Gas  pingue  ;  Gas  siecum,  quod  sublimatum 
**»  Gti  fuh^nosum,  sivc  endemicum^  et  Gas  sylvestre,  sivc  incocrci- 
^•^•odin  corpus  cogi  non  potest  visibilc."  Van  Helmont  do  Flatibus, 
•-iOperaVan  Helmont,  p.  399.     Francofurti,  1682. 
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^^P-  ^^^'  pounds  either  of  air  with  other  bodies,  or  of  certain  bodia 
differing  from  air  with  each  other.* 

The  term  is  at  present  applied  to  all  substances  which  pot- 
sess  the  mechanical  properties  of  atmospherical  air ;  that  iito 
say,  which  are  invisible  and  elastic,  and  capable  of  indefinite 
expansion  and  rarefaction  without  losing  their  aerial  ftm* 
About  24  such  bodies  are  at  present  known.     The  foUowiD^ 
table  exhibits  the  names  and  specific  gravities  of  these  bo&s^ 
which  I  have  determined  by  very  careful  and  aocorale  eL^ 
periments : — 


Spedfio 

(IttTitj  of 


Gaaei. 

Air 

Hydrogen     • 
Carburetted  hydrogen 
Ammonia 
Carbonic  oxide 
Azotic  • 
Olefiant 

Deutoxide  of  azote 
Oxygen 

Sulphuretted  hydrogen 
Muriatic  acid 
Carbonic  acid 
Protoxide  of  azote 
Cyanogen 
Phosphuretted  hydrogen 
Sulphurous  acid     . 
Fluoboric  acid 
Protoxide  of  chlorine 
Chlorine 

Chlorocarbonic  acid 
FluoBilicic  acid 
Hydriodie  acid 


8p.  gravity. 
1- 

0-0694 

0-5555 

0-5902t 

0-9722 

0-9722 

0-9722 

1-0416 

1-1111 

1-1805 

1-28472 

1-5277 

1-5277 

1-8055 

l-845t 
2-2222 

2-361  i 

2-4444 

2-5 

3-4722 

3-61 1  i 

4-34027 


lOOcdMe 

18^148 

19-3011 

31-8790 

31-8790 

31-8790 
34-154S 

364390 

38«196 

43-1260 

49^80 

494790 

59-2(OS 

60-49T6 

72-86fiO 

77^4»S 

80-1519 

81-9750 

113'853» 
118*4080 

148-4160 


^  See  his  Dictionaire  de  Chimie ;  2d  edition^  article  €hu. 
always  spdJs  the  word  geui,  I  know  not  for  what  reason*  and  in  lUi  hi 
was  followed  for  a  time  by  the  French  writers  in  general*     Van 
always  spells  the  word  giu,  and  this  mode  of  spelling  is  now  gvMiallji 
ployed. 

f  By  the  determination  of  H.  Rose. 
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Tliese  gases  are  all  inyisible,  except  chlorine  and  protoxide  gcct*  n. 
rfcUorine;  both  of  which  have  a  strong  green  or  yellowish 
gTKo  colour. 

Gates  differ  from  vapours  in  this  remarkable  particular,  that  Theorf  of 

ttiej  do  not  lose  their  elastic  state  by  the  application  of  ordi- 

Baiy  cold  or  ordinary  pressure.      Many  philosophers  have 

•dqited  the  opinion  that  they  owe  this  elastic  state  to  the 

Wfeest  heat  which  they  contain,  as  is  the  case  with  vapours. 

H.  Amontons,  an  ingenious  member  of  the  French  Academy 

afSdences,  about  the  beginning  of  the  1 8th  century,  was  the 

fiat  who  proposed  this  idea  with  regard  to  the  atmosphere. 

&  supposed  that  it  might  be  deprived  of  the  whole  of  its 

tihiiiulj,  and  condensed,  and  even  frozen  into  a  solid  body, 

VHt  it  in  our  power  to  apply  to  it  a  sufficient  cold — that  it 

litmbstance  which  differs  from  others  in  being  incomparably 

■ve  volatile,  and  which  is  therefore  converted  into  vapour, 

M  preserved  in  that  form  by  a  weaker  heat  than  any  that 

^  occurs,  or  can  take  place  in  our  globe — and  which, 

Aftefore,  cannot  appear  under  any  other  form  than  the  one 

^^ow  wears,  so  long  as  the  constitution  of  the  world  remains 

^  same  as  at  present. 

Though  this  opinion  may  appear  at  first  sight  an  extrava- 

t^  flight  of  the  imagination,  it  is  notwithstanding  supported 

^^j  strongly  by  analogy.    We  know  that  water  is  easily  con- 

^'^ted  by  heat  into  a  vapour,  which,  so  long  as  it  is  kept 

^Seiently  hot,  possesses  all  the  mechanical  or  sensible  quali- 

^^  aS  air.     Alcohol  yields  a  vapour  which  retains  its  elas- 

*^^j  at  a  still  lower  temperature  than  steam.     The  vapour 

sulphuric  ether  b  as  elastic  as  common  air  at  the  tempera- 

of  96o.    Muriatic  ether  has  the  form  of  a  vapour,  and  is 

elastic  as  common  air  at  the  temperature  of  52^,  so  that 

^c  cannot  preserve  it  in  a  liquid  form  in  summer.     Ammonia 

^^^lains  its  elastic  form,  and  possesses  all  the  properties  of  a 

S^  till  it  be  cooled  down  to  46^  below  zero.     In  this  climate, 

*^wfore,  it  always  retains  its  elastic  form,  and  is  considered 

•■  *  gaa.    But  in  Melville  island,  where  Captain  Parry  win- 

^^'^  it  would  assume  the  liquid  form  during  a  part  of  the 
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Cbap.  Ui.  year,  as  the  thermometer  in  February  stood  as  low  as 
below  zero. 

Gases  have      This  Opinion  of  the  similar  constitution  of  vapours  aa^l 

deTM^?nto  gases,  has  been  still  farther  confirmed  by  Mr  Faraday,  who? 

liquids.       ^y  ^{^^  united  action  of  pressure  and  cold,  has  succeeded  f  C3 
condensing  eight  different  gases  into  liquids.*     His  metJMKl 
was,  to  shut  up  the  materials  for  generating  the  gas  in  ^ 
strong  glass  tube  hermetically  sealed.     Heat  was  applied  (i^f 
necessary)  to  generate  the  gas  at  one  end  of  the  tube,  wUI^ 
the  other  extremity  was  kept  cool.     The  condensation  ooea^ 
sioned  by  the  accumulation  of  the  gas  in  the  tube,  togetbeiK* 
with  the  cold,  at  last  reduced  the  gas  to  the  liquid  state,  aitfl 
it  was  collected  in  the  cold  part  of  the  tube.     Thus  mercury 
and  concentrated  sulphuric  acid  were  sealed  up  in  a  benttobey 
and  being  brought  to  one  end,  heat  was  carefully  applied^ 
while  the  other  end  was  preserved  cool  by  wet  bibulous  piper* 
Sulphurous  acid  gas  was  produced  where  the  heat  acted,  nd. 
was  condensed  by  the  sulphuric  acid  present.    But  when  that 
acid  had  become  saturated,  the  sulphurous  acid  passed  to  tbc 
cold  end  of  the  tube,  and  was  condensed  into  a  liquid.    The 
other  liquid  gases  were  generated,  and  condensed  by  similar 
contrivances. 

The  following  table  exhibits  the  names  of  the  gases  whicb 
Mr  Faraday  succeeded  in  condensing  into  liquids,  with  tb^ 
pressure  necessary  to  produce  the  liquefaction.  This  plea- 
sure is  denoted  by  the  number  of  atmospheres  necessary  to 
produce  it,  each  atmosphere  being  equivalent  to  a  column  of 
mercury,  30  inches  in  height : — 

Atmospheret'  »_  ,---»» 


Sulphurous  acid .         .  2     at  45^ 

Cyanogen 3*7  at  45 

Chlorine     .  4     at  60 

Ammonia   .         .         .         .  6^  at  50 

Sulphuretted  hydrogen  1 7     at  50 

Carbonic  acid     ...  36     at  32 

*  rhil.  Tnms.  1823,  p.  189. 


1-42 
0^ 

0-76 
0^ 
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^TrSSSSf* '  ^i^-  «'^^'''^'      ":S«.rt.  11. 


Humtic  acid     .  40 .  at  50°  

Protoxide  of  azote  50     at  45  

1%^    •  J      r  1.1    •  f  Not  deter- 

rrotoxide  of  chlorine  •     i         •     j  .         

(     mined 

Cirboretted  hydrogen  .     1200* 

Sir  Humphry  Davy  has  shown  that  the  elasticity  of  the 

'Vi^NMirs,  from  these  liquid  gases,  increases  at  a  great  rate 

wMi  their  temperature.     Thus  sulphuretted  hydrogen,  con- 

dofled  in  a  tube  at  3^,  had  a  vapour  floating  over  it,  which 

cierted  a  pressure  of  14  atmospheres ;  when  heated  to  47^, 

it  exerted  a  pressure  of  17  atmospheres.     Liquid  muriatic 

licid  at  3®,  exerted  a  force  equal  to  20  atmospheres  ;  when 

Wed  22^  its  force  was  equal  to  25  atmospheres,  and  by  a 

^vfter  addition  of  25^  its  elastic  force  became  equal  to  40 

'taiQspheres.     Carbonic  acid  at  12<^  exerted  a  force  of  20 

^teo^heres,  and  at  32^  its  elasticity  was  equal  to  36  atmo- 

fheres.     Liquid  ammonia  at  32^  exerts  a  force  of  5  atmo- 

Vkercs,  and  at  50®  a  force  of  6^  atmospheres.     Liquid  pro- 

'■^ide  of  azote  at  32°  exerts  a  force  of  44  atmospheres,  and 

*  45®  a  force  of  51*3  atmospheres  nearly .f 

^>b  Faraday's  attempts  to  condense  hydrogen,  oxygen, 
**ol»ric,  fluosilicic,  and  phosphuretted  hydrogen  gases,  were 
''^ftuocessful.  Indeed  oxygen,  azotic  gas,  and  hydrogen, 
**^  been  subjected  to  a  pressure  of  800  atmospheres,  with- 
'^  toy  tendency  to  assume  the  liquid  form.  All  attempts  to 
^••tidciise  them,  therefore,  by  mere  pressure,  are  likely  to  end 
"^  ^fittppointment. 

But  there  are  other  phenomena  connected  with  the  gases.  Absorption 
,  ^ich  may  throw  some  light  on  their  constitution.  It  is  well  waSlT*  ^ 
f  ***<*wn  that  water  has  the  property  of  absorbing  them,  and 
H  ^Qtt  it  absorbs  a  definite  volume  which  characterizes  each 
I  Vtitieular  gas.  Dr  Henry  ascertained,  that  the  volume  of 
I  '•A  gas  absorbed  by  water,  is  the  same  whatever  be  the 
l|  l*^«ure  to  which  the  gas  is  previously  subjected.  If  we 
■   •i^Me  the  weight  of  carbonic  acid,  by  subjecting  it  to  the 

•  Perkins ;  PhU.  Trans.  1826,  p.  544. 
f  Phil.  Trans.  18*23,  p.  200. 
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Ckmp,  111.  pressure  of  two  Atmospheres,  water  will  still  absorb  its  ow 
"^  volume  of  it     The  following  table  exhibits  the  Tolonea  < 
each  gas  absorbed  >y  1 00  rolumes  of  water,  soppoonir  tb 
temperature  and  pressure  the  same  in  all  cases :— 


Cjanog^n 

Sulphuretted  hjdrogen 
Chlorine      .         .         .         . 

Id  voluaM. 

450 

366-6 

200 

Gsj-Iaamsc 

Thomson 

Berthollet 

Carbonic  arid 

106 

Csrendish 

Protoxide  of  asote 

76 

SauMure 

Olefiant  gas 

15-3 

SanssnFe 

Phosphuretted  hjdrogen 
Deutoxide  of  asote 

5 
3-7 

ThomsoD 
DaltoD 

Oxjfpen       .        •         .         . 
Carburetted  hjdrogen 
Aiote           •         •        .        . 

3-7 
3-7 
2-5 

llenrj 
DaJtoo 
Dalton 

Carbonic  oxide    . 

201 

llenrj 

Hjdrogen    . 

2 

Dalum 

M^mt  tk«  Mr  Thomas  Graham  has  suggested  that  these  gases,  befoi 
tmmm*  th«  thcT  csn  be  absorbed  by  or  combined  with  water,  in  all  pr 
li^iiM  tuu.  lability  assume  the  liquid  form.  If  this  conjecture  be  admitte 
it  is  clear  that  the  quantity  of  each  ah8orl>ed  must  bear  sob 
relation  to  it»  elasticity.  It  mav  not  be  in  the  inTcrse  rati 
exactly,  because  the  amount  of  the  nfBnity  between  the  gasi 
and  water  may  and  probably  does  differ  considerably.  Hi 
is  doubtless  the  reason  why  sulphuretted  hydro^ren  is  mm 
absorbable  than  chlorine,  although  chlorine  is  condensable  I 
a  pressure  of  4  atmospheres,  while  sulphuretted  hydrogai  r 
quires  1 7  atmospheres  to  condenj^o  it.  Hut  wo  may  roocM 
in  general,  that  th(»se  gn^i's  which  are  hut  little  absorbed  I 
water,  are  much  more  difBcuIt  to  condense  into  the  Uqv 
state  by  pressure  than  those  which  are  absorbed  in  gre 
quantity,  by  that  liquid.  Accordinirly  we  find  that  all  tl 
gascH  liquefied  by  Mr  Faraday,  are  absorbed  in  considerafc 
quantity  by  water.  I  le  succeeded  with  sulphurous  acid«  ■ 
riatic  acid,  and  ammonia,  which  are  absorbed  by  water  in  gra 
quantity,  and  likewise  with  the  first  five  gases  in  the  prvccdi 
table  ;  but  be  failed  with  all  the  rest.     It  is  not  unltkelT  tfc 
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defiant  gas  might  also  be  condensed  into  a  liquid,  though  the  ^•ct  ill. 
preasnre  requisite  would  be  much  greater  than  what  was  re- 
quired to  condense  any  of  those  that  precede  it  in  the  table. 
But  the  very  small  absorbability  of  all  the  rest,  renders  it  un- 
likely that  any  of  them  could  be  condensed  into  a  liquid  by 
ninple  pressure.  We  see  indeed  from  Mr  Perkins*  experiment 
that  carburetted  hydrogen  is  condensed  by  a  pressure  of  1200 
atmospheres.  The  same  pressure  would  probably  condense 
an  the  gases  above  it  in  the  table. 

Upon  the  whole,  the  notion  that  gases  and  vapours  have 
Uie  same  constitution,  and  differ  only  in  the  obstinacy  with 
which  the  former  retain  their  latent  heat,  is  supported  by  such 
strong  analogies,  and  so  many  gases  have  actually  been  re- 
duced to  liquids  by  the  united  action  of  cold  and  pressure,  that 
it  his  been  generally  adopted  by  modem  chemists. 

SECTION  III. — OF  SPONTANEOUS  EVAPORATION. 

ETery  body  knows  that  water  evaporates  at  all  temperatures,  Water  era. 
W»e?er  low.  After  a  heavy  fall  of  rain  the  roads  become  ail  tempe- 
'Npyand  the  country  becomes  studded  with  little  ponds  of'*^*^'^**' 
*te.  But  after  a  few  days  or  weeks  of  fair  weather,  the 
i^  get  dry  and  dusty,  and  the  little  ponds  of  water  dis- 
^peir.  And  this  takes  place  not  only  in  summer  but  even  in 
filter,  when  the  weather  happens  to  continue  dry  for  some 
'^  The  Mediterranean  sea  receives  many  very  large  rivers. 
^  Nile,  the  Po,  the  Rhone,  the  Ebro,  the  Danube,  the 
^Iieper,  the  Don,  and  many  other  rivers  of  smaller  extent, 
^^  themselves  either  directly  into  the  Mediterranean  or 
^  the  seas  connected  with  it,  and  constituting  as  it  were  a 
Hrt  of  this  great  inland  ocean ;  yet,  notwithstanding  this 
(tilt  and  regular  influx  of  water,  this  sea  not  only  does  not 
ftenase  in  size,  but  a  constant  current  sets  in  from  the  At- 
■Btic  through  the  Struts  of  Gibraltar — an  evident  proof 
^tbe  natural  evaporation  from  the  surface  of  the  Mediter- 
l^'Mii,  is  more  than  sufficient  to  dissipate  all  the  water  thrown 
^  it  from  a  vast  tract  of  Europe  and  Africa. 

Vitw  is  not  the  only  liquid  that  evaporates  at  temperatures 


in:  \i. 

d  lielow  till*  iHiillii::  point.  AK-ihol,  i*tht-r.*.  lH.sul|»liuri*l  ol  iwr- 
^"*^  Immi,  v«ihitilL'  oil.'',  iiitrii-  ai-'ul,  ami  soiiitr  other  liiiuid^  (rv^n 
iiiLTnirv),  an*  in  >imil:ir  rl  renin  stance.*!.  Snlplmrir  arid, 
indeeiK  in  the  state  in  which  it  is  |iri*]iarcti  hy  our  manufac- 
turers, nut  only  tloes  nut  r\<i|ioratc,  hut  even  ahtiorbH  mnUtuiv 
from  the  atnmsphere  ami  hecmnes  much  heavier.  Hut  when 
we  expose  sulphuric  aciil  totally  ilestitutt*  of  water  (iu  which 
state  it  is  a  white  solitl)  Ut  the  atmosphere,  it  i*va{>oralcs  at 
the  common  temperature  with  L'reat  rapidity,  and  iji|H*tHlily  fill* 
the  apartment  in  which  it  is  exposed  with  a  white  «mukc,  «o 
thick  ami  so  otien>ive,  that  I  ha\e  heen  frequently  obli>;eil  to 
quit  thi*  a]mrtment  till  the  otien>ive  va]>uur  waii  dis»si|iati^  bj 
thro\iinir  open  the  wimlows.  The  tixe<l  nils  do  not  evaporate 
sensibly  till  their  temperature  is  raised  tna  considerable  height. 
Indeetl,  the  term  evaponiiion^  as  applietl  to  them,  i.-i  not  quite 
correct,  for  they  cannot  be  converteil  into  vajMmr  or  diMilleJ 
over  without  acipiirin^  new  properties. 
F.Tapon.  Let  us  consi«ler  tin*  •'\aiHir.:tinii  of  water  at  low  tempiTature^ 

tiun  eon-  ... 

f&iiiHituihe  With  attention. 

Mir  KB.  1^  This  e\.-tporatioii  i-  rn:in»l\  roiitiuiMl  I**  the  Mirface,  and 

is  tlierct'ore  proportional  to  the  surface.  Hence,  if  the  i|uantilj 
of  uater  to  evaporate  be  co:i>taiit,  it  will  tlisappear  the  «ooiier 
the  >hanower  it  is,  because  its  surface  will  be  the  pn*ater.  If 
we  ci»ver  the  surface  of  the  water  wiih  oil,  the  evnptiration  i» 
Moppeil  altoi;i*tlier. 

On  the  we>tiTii  i  o.im  of  France,  and  in  some  places  on  lh<" 
south  «*i.;ist  of  KiiL'l md,  M'a  s;ilt   i*  obtained  by  allowin*;  «i 
water  to  evap« irate   spontaneously,  till  the  salt  .-eiiaratirs  in 
cr\stal>.      The  sea  water  is  allowetl  to  lli»w  into  a  numl»t.T  of 
HhaUow,  nbloiiL'  di\i'*ions  duir  on  the  sea-sh«ire,  and  Iiui*tl  iiv- 
tenially  with  rlay.     'I'lie  .mm  water   in  tliepc  pit:*  prf*eut?  a 
L'rcat  Hurfare,  and  in  tin-  hot  weather  of  summer,  it  ;;raduA;i} 
e\aporate-i  away  Jpro\idetl   the  weather  bo  drj  ),  leavitc  th< 
s.'ilt  in  cr\>laU.      .'^alt  obtained  in  this  wa\,  i-*  calleil  Any  Mok 
'I'he  crvslals  are  larije  aii>l  bird,  ami  not  \erv  white.      Th 
kind  of  f^ilt  i>  preferred  to  r\iTv  other  by  tlie  curor*  of  h* 
At  luie  lime,  ihf  siiperiorii\  »if  Dutfh  eured  herrini:*  wa*  ; 
•  riheil  In  tin-  ba\  .-^ill  with  whii-h  !ln'\  w.-re  -.il!«'d. 
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2.  Water  does  not  evaporate  so  rapidly  when  the  air  is  still,   Sect,  in. 
aa  when  it  is  agitated  by  a  brisk  wind ;  and  the  more  rapid  increMcd 
the  current  of  air  the  more  rapidly,  ceteris  parHms^  does  the 
water  disappear :  hence,  in  manufactories  where  the  evapora- 
tion of  water  constitutes  a  part  of  the  process,  the  vessels 
containing  the  water  to  be  evaporated,  ought  to  be  placed  so 
that  a  brisk  current  of  air  shall  pass  over  their  surface.     In 
Glasgow  and  the  neighbourhood,  soda  and  alum  leys  are 
hrought  to  the  requisite  degree  of  concentration,  by  passing 
over  their  surface  a  brisk  current  of  air  which  has  previously 
passed  through  a  fire  ;  so  that  the  flame  of  the  fire  plays  over 
the  sor&ce  of  the  evaporating  liquor.     And  this  process  has 
heen  found  more  convenient  and  economical,  than  the  common 
nethod  of  evaporating  liquids,  by  applying  heat  to  the  bottom 
cf  the  vessels  containing  them. 

Wben  air  is  perfectly  still  the  vapour  as  it  forms  accumulates 
over  the  surface  of  the  water,  and  in  proportion  as  this  accu- 
>uihition  increases,  does  the  process  of  evaporation  diminish. 
So  that  at  last  it  is  reduced  to  nothing. 

3.  The  rate  of  evaporation  increases  with  the  temperature.  *"^  '•y 
Evaporation  goes  on  at  32^,  or  even  at  lower  temperatures. 
Jw  ice  and  snow  are  constantly  emitting  vapour,  and  diminish- 
Og  m  weight  when  surrounded  by  a  dry  atmosphere.  If  two 
•three  ounces  of  ice  be  confined  in  the  exhausted  receiver  of 
•>«iNpump  over  concentrated  sulphuric  acid,  it  evaporates 
*'  *way  in  little  more  than  24  hours ;  and  yet  during  the 
'hole  time  the  temperature  of  the  ice  is  considerably  lower 
"■o  32o.  In  the  open  air,  and  consequently  under  the  pres- 
***  of  the  atmosphere,  the  evaporation  of  the  ice,  though 
f^  sensible,  is  a  great  deal  slower. 

%  Dalton  made  a  set  of  experiments  to  determine  the 
^  at  which  water  evaporates  from  a  vessel  of  a  given 
■Bneter  at  different  temperatures.  By  observing  the  rate  at 
V^  the  evaporation  increased  or  diminished  according  to 
the  temperature,  he  was  enabled  to  construct  a  table  exhibit- 
mg  the  quantity  evaporated  in  a  given  time  at  every  temper&- 
tare,  from  zero  up  to  212^* — supposing  the  atmosphere  in  which 
tht  evaporation  is  going  on  to  be  quite  free  from  vapour.    He 

p 
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Ckap.  111.  found  that  the  ratr  of  evaporation  was  always  proportionml  to 
the  elasticity  of  the  vapour  generated,  measured  by  the  length 
of  a  column  of  mercury  which  it  is  capable  of  supportioflr.  By 
referring  to  the  tabic  of  the  elasticities  of  vapour  at  different 
tcm])eratures,  pven  in  page  186,  it  will  be  seen  that  the 
quantity  evaporated  from  a  given  surface  at  the  followio£ 
temperatures  is  nearly  a.^  follows  : — 


Trmprriturr. 

•212' 

180 

15<» 

12.') 

100 

1  H-.5 


The  following  table,  show 


Bat*  afevapanlleii. 

512 

256 

128 

64 

32 

16 

8 

4 

2 


ing  the  force  of  vapour  at  all 
peratures,  from  32°  to  80^,  was  constructed  by  interpolati 
from  a  set  of  experiments  made  with  great  care,  by  Mr 
Cricliton,  of  Glasgow,  to  determine  the  force  of  vapour  at  33^, 
40*^,  50"^^  and  60"".  The  tlinv  last  columns  of  the  table  show 
the  quantity  of  vapour  in  grains  which  would  be  driven  off  in 
a  minute  from  a  circular  vessel  of  water  six  inches  in  diameter, 
as  determinetl  by  Mr  Dalton,  arcordins;  as  it  is  placed  in  cir- 
cumstances lesK  or  more  favourable  for  eva{)oration.* 


tiMiforcvof 
TApMir.  and 
nt«  of  rv»- 
ponlloo. 

I'rmpOTA- 

1     32-   1 

Yi'ter  ft  tar*>ur 

in  inrhn  of 

mctrufT. 

(KJ<HH» 

V^iantitj  ri 
a  ciicuUff 

1 
(h*iO 

rapnraled  pM  Biinul*  ttam 
»fH  n  inch—  iiiMrtt 
In  grmtiiA. 

1-03           l-2fi 

!    3:j 

o-2(m;6 

<>-^3 

1-07     1 

1-30 

1     34 

IV2 1 34 

iy^l} 

111 

1-35 

;w    i 

(KJ2t»| 

(h^ii 

Ml 

1-3D 

,     'M\     ' 

0-22T7 

0-112 

lis 

1-45 

0"1'3.VJ 

iKh'i 

1  '22 

1-4S# 

A^      ■ 

IJ-JI2II 

o-;i« 

1-26 

l/i4 

'    :vj 

0"j.*o;i 

1  o2 

1-31     . 

l-Trfl 

.     4o 

{)''2t]tH) 

iMI.") 

i:W 

Hi5 

41 

ihi'*;^; 

IMMJ 

MO 

1-71 

•  Maiitfht^trr  MfiiHHr*,  v.  <jK5,  Itt  •rrici. 
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TVnpm. 

™«b«T' 

^."."lX 

junnud  per  minuu  (mm     1 
TEuclSlnclw  dluneui 

inrln.. 

42" 

0-2775 

1 
1-13 

1-45 

3 

1-78 

43 

0-2866 

1-18 

1-51 

t-85 

44 

0-2961 

1-22 

1-57 

1-92 

45 

0-3059 

1-26 

1-62 

1-99 

46 

0-3160 

1-31 

1-68 

2-06 

47 

0-3264 

1-36 

1-75 

2-13 

48 

0-3372 

1-40 

1-80 

2-20 

49 

0-3483 

1-45 

1-86 

2-28 

50 

0-3600 

1-50 

1-92 

2-36 

51 

0-3735 

1-55 

1-99 

2-44 

52 

0-3875 

1-60 

2-06 

2-51 

53 

0-4020 

1-66 

2-13 

2-61 

54 

0-4171 

J -71 

2-20 

2-69 

-  55 

0-4327 

1-77 

2-28 

2-78 

56 

0-4489 

1-86 

2-35 

2-88 

57 

0-4657 

1-90 

2-43 

2-98 

56 

0-4832 

1-96 

2-52 

3-08 

59 

0-5012 

2-06 

2-61 

3-19 

60 

O-5200 

2-10 

2-70 

3-30 

61 

0-5377 

2-17 

2-79 

3-41 

62 

0-5560 

2-24 

2-88 

3-52 

63 

0-5749 

2-31 

2-97 

3-63 

64 

0-5944 

2-39 

3-07 

3-76 

65 

0-6146 

2-46 

3-16 

387 

66 

0-6355 

2-54 

3-27 

3-99 

67 

0-6571 

2-62 

3-37 

4-12 

68 

0-6794 

2-70 

3-47 

4-24 

69 

0-7025 

2-79 

3-59 

4-38 

70 

0-7260 

2-88 

3-70 

4-53 

71 

0-7507 

2-98 

3-83 

4-68 

72 

0-7762 

3-08 

3-96 

4-84 

73 

0-8026 

3-18 

4-09 

5-00 

74 

0-8299 

3-29 

4-23 

5-17 

75 

0-8581 

3-40 

4-37 

5-34 

76 

0-8873 

3-52 

4-52 

5-53 

77 

0-9175 

3-65 

4-68 

5-72 

78 

0-9487 

3-76 

4-83 

5-91 

79 

0-9809 

3-88 

4-99 

6-10 

80 

1-0120 

4-00 

514 

6-29 

Were  we  to  suppose  the  atmoepliere  perfectly  dry  in  both 
caaM)  the  rate  of  evaporation  ought  to  be  four  times  greater 
Id  anmiaer  than  in  winter  from  the  surface  of  lakes  and  the 
•arth  in  thia  country.  In  reality  the  difference  is  much  greater, 
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Chjip  III,  because  the  atmosphere  is  usually  loaded  with  moisture  in 
winter,  and  comparatively  dry  in  summer.  And  to  know  the 
true  rate  of  evaporation,  we  must  always  subtract  from  the 
quantity  that  would  be  evaporated  what  exists  already  in  the 
atmosphere. 
Uon  mmt  ^'  ^^^^^  cvaporatcs  much  more  rapidly  in  vacuo,  provided 
rapid  in  a    h^q  vapours  be  withdrawn  in  ])roportion  as  they  are  formed, 

vacuum.  ^^  r    i  i 

than  it  does  under  the  pressure  of  the  atmosphere,  suppoaiiig 
the  temperature  and  all  other  things  the  same.    This  is  beau- 
tifully exemplified  in  Professor   Leslie*s  mode  of  produdog 
ice,  by  placing  a  vessel  containing  water  a  little  above  a  flat 
dish  filled  with  sulphuric  acid  in  the  exhausted  receiver  of  an 
air-pump.     The  sulphuric  acid  absorbs  the  vapours  as  fast « 
they  are  produced ;  the  rate  of  evaporation  is  kept  up,  audio 
great  a  degree  of  cold  produced  that  the  water  soon  freezes, 
even  in  summer.     The  cold  produced  is  here  the  criterion  of 
the  rapidity  of  evaporation.    And  in  favourable  circumstances 
Mr  Leslie  not  only  froze  mercury  by  this  process ;  but,  if  ^ 
understand  him  rightly,  he  sunk  the  thermometer  to  — 120^- 

5.  Such  are  the  constant  phenomena  of  spontaneous  era] 
ration.    Let  us  now  attend  to  the  explanations  of  these  phea 
mena  which  have  been  successively  proposed  by  men  of  scieno^- 
It  was  supposed  at  first  that  the  vapour  which  rises  fro^** 
water  below  the  boiling  point  is  quite  different  from  the  vapo 
of  water  produced  at  or  above  the  boiling  point.    In  particu 
it  was  supposed  that  this  low  temperature  vapour  is  devoid  ^ 
elasticity.     This  led  to  an  explanation  of  spontaneous  evap 
ration  first  suggested  by  Dr  Halley,  and  afterwards  expliuD 
in  detail  by  Leroi  of  Montpellier,  Dr  Franklin,  Dr  Hamilton 
Eyapora-     of  Dublin,  and  several  other  men  of  science.     According'    *^ 
Id  to*»Su-'  Dr  Halley  water  is  dissolved  by  air  in  the  same  way  as  salt  ^' 
tioo.  sugar  is  dissolved  by  water.     This  hypothesis  accounts   f^ 

many  of  the  phenomena  of  spontaneous  evaporation  in  a  simp** 
and  satisfactory  manner.     It  gives  us  a  reason  why  evapd*" 
tion  is  so  much  promoted  by  wind — because  the  solvent  ** 
rapidly  renewed.     Heat  increases  the  solvent  power  of  ^ 
just  as  it  does  that  of  water, 
ncoutiy.         But  when  De  Luc  and  Saussure  demonstrated  that  vapoorof 
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«n  temperatures  is  possessed  of  elasticity,  and  that  it  augments  Sect  1H> 
the  Yolome  of  air  when  mixed  with  it  exactly  in  proportion  to 
its  elasticity,  the  theory  of  Halley  lost  much  of  its  plausibility. 
A.Dd  after  Saussurc  and  Pictet  had  ascertained  that  evapora- 
tion  goes  on  better  in  vacuo  than  under  the  pressure  of  the 
atmosphere,  and  that  the  vapour  thus  formed  in  vacuo  possess- 
ed the  same  elasticity,  and  occupied  the  same  volume,  as  when 
fanned  under  the  pressure  of  the  atmosphere,  the  theory  was 
BO  longer  tenable.     For  how  can  spontaneous  evaporation  be 
coviadered  as  a' solution  of  water  in  air  when  it  goes  on  better 
iritiiout  air  ?     Or  how  could  it  be  considered  as  a  chemical 
anion  ^between  air  and  water  when  it  was  known  that  the 
▼olmne  of  vapour  depended  in  all  cases  upon  the  temperature, 
•nd  that  the  kind  of  air,  or  even  the  absence  of  all  air,  was  a 
^•Mttcr  of  indifference  ? 

After  these  facts  had  become  known  towards  the  end  of  the 
W  century,  there  was  a  general  disposition  among  well  in- 
fcnned  chemists  to  abandon  the  theory  of  Halley.  But  it  was 
Ae  Essays  and  Experiments  of  Mr  Dalton,  published  in  1802,* 
^h  completely  established  the  true  theory  of  spontaneous 
cw^KJration. 

Water  and  many  other  liquids  have  a  tendency  to  assume  Method  of 
the  elastic  form  of  vapours  at  all  temperatures,  however  low.  !„»  the  *" 
At  low  temperatures  the  elasticity  of  these  vapours  is  small :  if^^^ 
htocet  unless  the  particles  of  vapour  be  at  a  great  distance  **»«  •^"o- 
from  each  other,  they  unite  together  again,  and  assume  the 
fcrm  of  a  liquid.     Thus  the  quantity  of  vapour  which  can 
exist  in  the  atmosphere  is  regulated  by  the  elasticity  of  that 
▼apour;  and  this  elasticity  is  measured  by  the  height  at  which 
it  18  capable  of  supporting  a  column  of  mercury.     We  usually 
reckon  the  mean  height  of  the  barometer  at  the  sea-shore  in 
this  country  30  inches.f     At  32^  vapour  of  water  is  capable 
of  supporting  a  column  of  mercury  0'2  inch  in  height.     It  is 
dear,  therefore,  that  at  that  temperature  the  utmost  quantity 


*  MftDchcster  Memoirs,  1st  scries,  v.  535. 

'f  I  have  already  stated  that  the  true  height  is  a  little  lower  than  thi*, 

*  S9'82  inches. 
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Qwy.  Ill,  of  the  vapour  of  water  which  can  exist  in  the  atnosphere  i« 
about  Tfgth  of  ita  yolume. 

Mr  Dalton  haa  shown  that  if  /»  =  pressure  of  the  atmo- 
sphere in  inches  of  mercury, /=  elasticity  of  vapour  contained 
in  the  atmosphere,  x  =  volumes  of  dry  air  in  100  Tolumca  of 
the  given  atmospherical  air.     Then 

100 
-''       =  100  ;  consequently  x  =    p 


Let  air  be  saturated  with  moisture  at  32^.     In  that  caae  we 
have 

p  =  30  p     _    30  ^^ 

/=0-2  P-/"  29« 

X  =      ^^^      =  99-333. 
100671 

So  that  the  vapour  in  100  volumes  of  such  air  haa  a  volniDe 
amounting  to  0*666,  which  is  just  yju^'^  of  the  whole. 
At  the  temperature  of  60^,/=  0-52,  we  have  therefore 

100 

T^iL  =??J^  =  100;  andz=     30     =98-267 
29-48 


29-48 
So  that  the  whole  vapour  capable  of  existing  in  the  atmosph 
at  the  temperature  of  60®  is  roJoSo- 
.  Tlie  highest  tcmiH*rature  that  I  have  ever  seen  in  Great 
Rritain  was  93^.     At  that  temperaturey=  1*5 

^'    -  ^!!f  =    100;  anil  z  =  95. 
28*5 


So  that  th(>  vapour  ca|)al)le  of  existing  in  the  atmosphere  at 
that  temperature  is  ^^.f,,  or  ^. 

Thu!«  we  can  easily  determine  the  volume  of  vapour  which 
is  ra|)ahle  of  existing  in  the  ntmoKphere  at  any  temperature, 

A  Htill  eajtier  method  of  obtaining  the  same  volume^  is  to 
ascertain  by  the  ]>nr(Mling  table,  the  force  of  vapour  at  mat 
friven  teni|»eratun*.  L(*t  this  number  l»e  made  the  numermtor 
of  a  fraction  whose  denominator  ih  the  constant  number  SO. 
This  fraction  will  ilenoto  the  \oluin«*  of  vapour,  capable  of  ex- 
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istiiig  in  the  atioosphcrey  at  the  given  temperature,  supposing  Sect,  lu, 
it  reduced  to  the  density  of  steam  at  212^,  or  supposing  its 
specific  gravity  0*625.     Thus  at  GO^^  the  force  of  vapour  is 
0*52 ;  its  volume  capable  of  existing  in  the  atmosphere,  at  that 
temperature,  is  therefore  .y^^^j,  or  rather  more  than  j'^th  part. 

Mr  Dalton's  method  of  determining  the  elasticity  of  vapour, 
mt  various  temperatures,  was  this.     He  had  a  barometer  tube, 
shut  at  one  end,  and  open  at  the  other,  and  quite  dry.     It  was 
filled  with  newly-boiled  mercury,  inverted  in  a  basin  of  mer- 
cnry ;  the  height  of  the  mercury  was  accurately  marked,  and 
the  tube  was  graduated  into  inches,  and  tenths,  by  means  of  a 
file.     A  little  water  was  then  poured  into  the  tube  in  place  of 
the  mercury,  so  as  to  moisten  the  whole  inside.     Mercury  was 
poured  into  the  tube  again,  and  it  was  inverted  as  before,  into 
a  basin  of  mercury.     By  degrees  a  thin  film  of  water  collected 
on  the  surfieu^e  of  the  mercury.     The  mercury  stood  a  little 
lower  in  the  tube  than  before,  and  the  difference  of  altitude 
indicated  the  elasticity  of  the  vapour  of  water,  at  the  tempers- 
tore  at  which  the  observation  was  made ;  or  the  height  of  the 
column  of  mercury  which  it  would  be  capable  of  supporting. 

Mr  Dalton  then  took  a  cylindrical  glass  tube,  open  at  both 
ends,  2  inches  in  diameter,  and  14  inches  long.  To  each  end 
<yf  it  a  cork  was  fitted,  perforated  so  as  to  admit  the  barometer 
tube  to  be  passed  through,  and  to  be  held  fast.  Into  this 
cylinder  he  put  water  of  different  temperatures,  and  observed 
bow  far  the  top  of  the  mercury  was  depressed  by  each.  This 
depression  gave  the  elasticity  of  the  vapour  at  the  given  tem- 
peratures. Proceeding  in  this  way,  he  constructed  the  table 
inserted  in  186  of  this  volume;  and  by  observing  the  rate  at 
which  the  elasticity  varied,  he  was  enabled  to  extend  his  table 
down  to  a  temperature  as  low  as  — 40^. 

6.  But  the  rate  of  evaporation,  which  has  been  just  explained,  Rate  of 
holds  good  only  when  the  atmosphere  is  perfectly  dry,  or  when  dependi  ud 
it  contains  no  vapour  whatever.     If  vapour  be  already  present  uty  ©f"'- 
in  the  atmosphere,  as  is  always  the  case  in  this  country,  then  p«orof  *''• 
the  quantity  capable  of  evaporating  at  a  given  temperature, 
will  be  ihe  quantity  in  the  table  diminished  by  the  vapour 
already  existing  in  the  atmosphere.     If  we  suppose  the  atmo- 
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Chap.  Ill,  sphere  to  contain  as  much  vapour  as  is  capable  of  existiog  ii 
it  at  the  given  temperature,  then  it  is  obvious  that  no  ^vapora.- 
tion  whatever  would  take  place.     If  the  quantity  of  vapot 
contained  in  the  atmosphere  be  less  than  it  can  support, 
must  find  how  much  less,  and  this  quantity  subtracted  froK--^ 
the  rate  of  evaporation  at  the  given  temperature,  when  th< 
atmosphere  is  dry,  will  give  us  the  true  quantity  which 
evaporate  under  existing  circumstances.     Suppose  the  team^ ' 
perature  to  be  60®.     At  that  temperature,  the  force  of  vapoo-  ^ 
is  0*52  inch,  so  that  at  60®  the  atmosphere  is  capable  of  cmm— 
^J-        taining  about  ^jth  of  its  volume  of  vapour.     But  let  us  suj^— 
pose  that  the  elasticity  of  the  vapour  already  in  the  atmospher^^ 
is  0*26.     We  must  subtract  0*26  from  0*52 ;  the  renuund^"*" 
0*26  gives  the  elasticity  of  the  steam  that  really  can  enter  th-^ 

atmosphere.     Now,  0*26  represents  the  elasticity  of  steam 
40o.     So  that  though  the  temperature  be  60,  yet  in 

quence  of  the  vapour  already  existing  in  the  atmosphere,  m< 
more  water  will  evaporate  from  a  given  surface  than  wonl 

evaporate  at  40^,  if  the  atmosphere  at  that  temperature 

perfectly  dry. 

Various  instruments  have  been  contrived,  to  enable  us 

ascertain  the  quantity  of  vapour  existing  in  the  atmosphere 
Hygrome-   inspection.     These  instruments  are  distinguished  by  the 

o{  hygrometers.     The  three  most  celebrated  of  these  instr*'"' 

ments  are  the  hygrometer  of  De  Luc,  of  Saussure,  and    ^^^ 

Leslie. 
De  Luc's  hygrometer  consists  of  an  extremely  thin  piece    **• 

whalebone  attached  to  an  index,  which  by  the  whalebone  sw^^** 

ling  when  it  imbibes  moisture,  and  contracting  as  it  dries^    *^ 

turned  round,  and  thus  points  out  the  degree  of  moisture    **^ 

dryness  of  the  air. 

Saussure's  hygrometer  consists  of  a  human  hair  boiled  i0  ^ 

caustic  ley,  and  moving  an  index  precisely  in  the  same  way  ^J 

its  expansions  and  contractions. 

Leslie's  hygrometer  is  merely  his  differential  thermome*^ 

with  one  of  the  balls  covered  with  silk  and  bibulous  paper  s0^ 

kept  moist.     This  moisture  evaporating  produces  cold  Bud 

contracts  the  volume  of  air  within  the  ball :  hence  the  cw- 
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d  liquid  rises  in  tiie  tube  under  tii'm  bail.  The  instrumeBt  Si 
;l»e*vfor«  measures  the  rapidity  of  evaporation.  But  this 
tafvidity  ia  always  (other  things  being  equal)  directly  as  the 
temperature,  aud  inversely  aa  the  quantity  of  moisture  already 
in  t-ht  atmosphere.  This  instrument,  however,  cannot  point 
KKl  the  Irue  quantity  of  rapuur  already  in  the  atmosphere, 
^eostuG  the  rate  of  evaporation  is  not  merely  affected  by  the 
tpiaaitity  of  vapour  alr&ady  in  the  atmosphere,  but  likewise  by 
""fry  alteration  in  the  temperature  of  the  air. 

To  determine  the  elasticity  of  the  vapour  in  the  atmosphere,  M 

''  simplest  method  is  one  long  ago  employed  by  Leroi,  and  qu 

.cifrwards  by  Mr  Dalton.     It  is  founded  upon  a  well-known  ,|, 

property  of  glass.     If  a  piece  of  glass  one  degree  colder  than 

tile  attiinsphere,  be  surrounded  with  aJr  holding  as  much  vapour 

"  it   can  hold  at  the  given  temperature,  moisture  will   be 

wposited  upon  it.     The  method  is  this.     Suppose  we  wish  to 

™t4iriniDo  the  quantity  of  vapour  actually  in  the  atmosphere. 

"»'  muat  repair  either  to  the  fields  or  at  least  to  an  open 

■"tdow;  for  were  we  to  determine  within  doors  our  results 

would  sehlom  be  accurate.     Provide  a  very  thin  glass  tumbler, 

"  Uiermometer  and  a  quantity  of  water  ten  or  fifteen  degrees 

foldt.y  thaw  the  atmosphere.     In  summer  the  water  from  our 

'i""iii^  which  in  the  neighbourhood  of  Glasgow  have  a  tem- 

'  '"atureof  about  47°'T5,  will  answer  very  well.     But  in  winter 

■  water  must  be  cooled  with  ice,  or  we  must  sometimes  use 

'='>xtureof  snow  and  salt,  or  whenicoor  snow  cannot  be  had, 

*B  may  easily  reduce  the  temperature  of  the  water  low  enough 

""■  the  purpose  by  ilissolving  in  it  a  quantity  of  pounded  cry»- 

!"■  of  glauber  salt  or  of  carbonate  of  soda.     I'our  tlie  water 

'"'*>  the  tumbler.     Moisture  is  immediately  dopoaitcd  upon  the 

*ot»ide  i>f  the  glass  (if  the  water  he  cold  enough).     Pour  back 

"■*  Cold  water  into  the  vessel  which  originally  contained  it, 

*''d  wipe  the  outside  of  the  tumbler  dry.     Wlien  the  water  has 

^^Wne  a  little  warmer,  pour  it  again  into  the  tumbler,  and 

""•SJte  whether  moisture  be  deposited  on  the  outside.     If  it 

'•*>  the  water  must  be  allowed  to  get  a  little  warmer,  and  the 

"*1  again  repeated.     Proceed  in  this  way  till  the  water  is  just 

nnt  cold  enough  to  cause  the  eondonsiition  of  vapour  on  the 
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ClMl^  III,  outside  of  the  plass.  Over  against  the  temperature 
water  thus  detenuined,  in  the  preceding  table  will  be 
the  elasticity  of  the  Ta])our  in  the  atmosphere  at  the 
our  obsenration.  If  the  temperature  of  the  air  bo  6( 
water  of  the  temperature  50^  i%  just  incapable  of  cone 
vapour  on  the  outside  uf  the  glass ;  then  TiO^  reproscM 
temperature  which  measures  the  elasticity  of  the  vapour 
atmosphere.  Over  against  50^  in  the  table  we  find  0*3 
which  represents  the  elasticity  of  the  vapour  in  the  atmc 
at  the  time  of  the  observation. 

Mr  Daniell's  hy^rrometer  is  an  instrument  contrived  t< 
the  above  observation  still  more  convenientlv.  The  i 
cooled  by  means  of  ether,  and  the  tem]ieraturc  of  thi 
when  moisture  is  deposited  on  it  is,  indicated  by  a  thermc 
which  constitutes  a  part  of  the  apparatus. 

Mr  Thomas  Jones  has  contrived  a  still  simpler  instr 
It  is  merely  a  mercurial  thermometer,  with  a  lar^c  bull 
is  turned  up  by  bending  the  glass  tutie  into  the  s^bape 
A  little  below  the  bulb  is  tied  a  piece  of  silk.  When 
stniment  is  to  be  used,  a  few  drops  of  ether  are  let  fal 
the  silk  cloth.  Cold  is  pnNluced.  The  moment  is  m 
when  moisture  condenses  on  the  top  of  the  bulb,  'llie 
uf  the  thermometer  at  that  instant  is  noted.  It  iiivosi  t; 
perature  which  we  look  for  in  the  table,  and  over  a:raii 
placed  the  elasticity  of  the  vapour  in  the  atmo!*plirre 
time  of  the  observation. 

After  trying  both  Danit'lKs  hygrometer,  and  Mr  Jone 
mometer,  I  am  sjitistied  that  the  results  nbt.iined  b\  tl 
not  so  accurate  as  thost*  nbtaintMl  by  the  simple  tunib 
cold  water,  provided  the  tumbler  be  made  of  suthrit'ii 
glass. 

Indee<!,  it  has  Imvu  shown  by  Dr   Apjohn,   that 
Daniell's  nor  Jtmes'  instrument  ^ive  the  dew  point  diriH* 
he  has  given  a  formula  by  nutans  of  which  the  dew  |mm 
be  d(*duced  from  an  observation  made  by  them.     I  lis  1 

is  as  fullowH :  /  =y" — •"^^•ni'  *"  which/    is  the  ten 
Tapour  at  the  de«  point./  its  tensiim  at  the  tempen 
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1  fortnight 

2     


ike  hygrometer,  d  the  difference  between  the  temperature  of  Sect  ill. 
4e  hygrometer  and  the  air,  and  p  the  height  of  the  barometer, 
ills  a  co-efficient  depending  upon  the  specific  heat  of  air  and  the 
caloric  of  elasticity  of  its  included  vapour.     Its  arithmetical 
▼alne  is  0-01149.* 

7.  The  quantity  of  vapour  in  the  atmosphere  at  Glasgow, 
sad  doubtless  in  every  part  of  Great  Britain,  is  greater  in 
summer  than  in  winter.     Yet  the  rate  of  evaporation  is  greater 
hi  nmmier  than  in  winter ;  because  during  winter  th^  atmo- 
cphereis  much  nearer  the  point  of  saturation  than  in  summer.  Rate  of 
Tke  following  table  exhibits  the  mean  elasticity  of  vapour  in  iiJ[*£i^  ^ 
k  atmosphere  in  Glasgow  during  the  year  1 823 ;  and  likenrise  ^^' 
fla  eraporation,  determined  by  the  elasticity  of  the  vapour 
cnporated,  for  every  fortnight.     The  observations  were  made 
^,  with  scrupulous  attention  to  accuracy,  by  Dr  Hugh 
Cobjohoun,  of  Glasgow,  who  was  at  that  time  my  assistant. 

EUst  of  Tapour  In  atmo-  Eraporadoot 

•pbere,  inches  mer.  iDcbet  iner. 

0-2707  .  0-1482 

0-3494  .  0-1429 

1     .  0-3052  .  0-2259 

2     .  0-2822  .  0-3232 

1     0-3526  .  0-2475 

2    .  0-3819  .  0-2037 

1     .  0-4000  .  0-1854 

2     .  0-3546  .  0-2416 

1     .  0-3790  .  0-1945 

2     .  0-3404  .  0-1253 

1     .  0-3233  .  0-0766 

2    .  0-3026  .  0O798 

1     .  0-2808  .  0-0747 

2     .  0-3232.  .  0-0450 

*  IVamactions  of  the  Royal  Irbh  Academy,  vol.  xvii.,  or  Phil.  Mag. 

(Waeriet)  tiI.  266.     Dr  Apjohn's  formula  has  been  objected  to  by  Dr 

SUmmi,  (Ibid.  p.  256).     Dr  Hudson's  formula  would  require  correction 

ii  MMequence  of  some  inaccurate  data  which  it  contains.     Dr  Mason  has 

fhen  another  formula.     Hb  paper  is  very  ingenious  and  deserves  to  be 

<— Ited,     See  Records  of  General  Science,  iv.  96.     Mclloni's  method 

ii  frMdfd  upon  an  inaccurate  basis.     See  Ann.  de  Chim.  et  de  Phys.  xliii. 

$9,    Bnmner  has  determined  the  moisture  in  air  by  passing  it  through  dry 

of  caldam.     See  PoggendoriTs  Annalen,  xx.  274. 


Aigttt 
September 
Oetober 
Roioiiher 


220 


HBAT. 


CU^  III. 


*.■ 


At  Fon- 
cIhU. 


December 


1     

2  -  -  - 
1 824.  January  1     

2     -- 
Fehruarj  I 

2 

The  foUowinfT  tabic  exhibits  the  average  elasticity  of  vap« 
ID  the  atmosphere  at  Glasgow,  and  the  rate  of  evaporati 
monthly  during  the  time  in  which  the  observations  were  mai 


■L  of  twpnm  In  atm^ 
•phcre,  incbM  mrr. 

■ggw 

02449 

(WJ 

0^453 

0<W 

0-2481 

0<)6 

0-2578 

0K>S 

0-2468 

0-OF 

0-2170 

0^^ 

CUMleity  of  rjipo«r 
In 


1823.  May 
June 
July 
August 
September 
October 
November 
December 

1 824.  January 
February 


0-3113 

0-2937 

0-3077 

0-3766 

0-3596 

0-3126 

0-3020 

0-2431 

0-2531 

0-2314 


lUUofffvi 

0-1454 
0-2746 

0-2249 
0-2143 
0-1666 
0O7«2 
0H>598 
0K>253 
0O568 
0H)720 


Few  observations  on  the  da4*  point  have  been  kept  in  oti 
parts  of  the  world.  Mr  Uaniell  ba^  given  us  a  table  for  I..onci 
for  three  years.  l)r  Ileinckcn  has  marke<l  the  maximum  s 
minimum  dew  [>oint  at  Funchal  in  Madeira  (about  north  h 
tude  32o^)  monthly  for  the  year  1828,  as  follows  :— * 


MftKunum. 

Mialmuau 

ttMm  In  1 

Jsiiuarv 

Dri"" 

50* 

4-OS 

February 

56 

50 

1*04 

March 

^15 

i^ 

\t\^ 

April 

63 

45 

3-35 

May 

69 

51 

2-14 

June 

70 

54 

0^21 

Julv 

72 

61 

0-10 

Auf^ujit 

73 

63 

0 

SepteiiiiNT 

75 

r,i, 

1-39 

October 

74 

56 

0 

November 

72-5 

54           1 

2^56 

December 

•;7 

50 

1 

0-52 

17-W 


Hrtw^irr'*  Jonriiiil  (n«.«  M'ri<'*\  t.  Tl 


SPONTANEOUS  KVAPORATION.  221 

We  see  that  the  quantity  of  rain  has  no  relation  to  the  height  Sect,  in. 
of  the  dew  point.     The  year  was  uncommonly  dry.     The  rain 
iaI825  was  20-43  inches;  in  1826,  43-35  inches;  in  1827, 
18*lfi  inches.     The  mean  temperature  of  Madeira  is,  accord- 
^fto  Dr  Heineken,  66o-3.* 

Some  valuable  observations  on  the  quantity  of  moisture  in  in  ^oditi, 

&e  atmosphere  in  the  Deckan,  constituting  that  part  of  Indos- 

te  between  north  latitude  16o  and  22®,  have  been  made  by 

Colonel  Sykes.f    The  dew  point  at  sun-rise  is  66^*58,  and  at 

liilf  past  nine  a.m.  it  is  67^*56 ;  the  temperature  of  the  air 

krfng  respectively  73*^*66  and  77''-53.     Colonel  Sykes  cal- 

^olates  that  a  cubic  foot  of  air  contains  7*473  and  7*634  grains 

^  water.     The  highest  dew  point  observed  was  76o.     It 

^^ccurred  on  the  2l8t  October,  1826,  at  4  p.m.      A  cubic  foot 

^  air  contained  9*945  grains  of  water.     At  76®  the  tension  of 

▼apour  is  0*88  inch  mercury  ;  and  100  cubic  inches  of  air  at 

w^t  temperature,  according  to  Dalton's  table,  contains  1*645 

of  moisture.     This  would  make  the  quantity  of  moisture 

a  cubic  foot  of  such  air  1 7*28  grains  or  almost  twice  as  much 

Colonel  Sykes  makes  it.     The  moistest  month  in  the  year 

Jnly.     During  that  month  the  dew  point  is  only  4®*85  below 

temperature  of  the  atmosphere. 

Tbe  mean  dew  point  for  the  year  1827,  was  60®*74,  and 

tic  mean  temperature  78o*5.     The  lowest  dew  point  at  sun- 

■■*•<  on  the  4th  December  was  44^.      In  another  year  in 

J«amary,  the  dew  pomt  was  29®,  the  temperature  of  the  air 

■ing  62o.     In  February,  1828,  the  dew  point  was  27o,  and 

temperature  of  the  air  57^*5.    At  Loghur,  on  the  12th  of 

^■^Tch,  the  dew  point  was  27*^,  and  the  temperature  of  the  air 

"^  ■  ••    At  Downd,  on  Beema  river,  the  dew  point  was  29<>,  and 

***•  temperature  of  the  air  90o.     But  the  atmosphere  is  much 

^'^•^•ter  at  Bombay  than  at  Poona,  which  lies  at  a  distance 

^^'^the  sea. 

L      ^  Poona  hail  showers  are  common,  and  the  hailstones 

I     ■^▼e  frequently  the  size  of  marbles.     Dew  first  appears  to- 

^■rts  the  close  of  the  monsoon  or  the  last  morning  of  Sep- 

*  Brewster's  Journal  (new  series),  i.  41. 
tPhil.  Trans.  1835,  p.  161. 
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Cha^  III,  tember,  uid  in  cloudless  nights.  In  December,  the  dews  m 
constant  and  copious.  Fogs  arc  rare  in  the  open  count: 
Along  the  Ghauts  they  prevail  for  six  months  in  the  yes 
but  in  the  open  country  they  are  only  seen  from  October- 
Februarv  inclusive. 

in^nr-  8.  Thcproperty  which  water  has  of  evaporating  spontanooa 

at  all  temperatures,  is  one  of  the  most  important  in  the  wfta 


MTAiioo.^  economy  of  nature ;  for  upon  it  the  growth  of  plants,  4 
the  existence  of  living  creatures  upon  the  earth,  depes 
The  vapours  thus  continually  rising,  not  merely  from  the  ■ 
face  of  the  sea,  lakes,  and  rivers,  but  also  from  the  dry  1^ 
are  again  condensed  and  fall  in  the  state  of  rain  and  dew.  1 
rain  penetrates  into  the  earth,  and  makes  its  way  out  again 
springs.  These  collecting  together  constitute  rivers,  vU 
making  their  way  to  the  sea,  afford  the  means  of  living  ai 
enjoyment  to  numerous  tribes  and  languages  which  ocoii 
their  luinks.  Let  us  suppose  for  a  moment  that  this  spontsd 
eous  evaporation  were  to  cease,  and  let  us  contemplate  tl 
consequences.  No  more  rain  or  dew  could  falU  the  spriag 
would  cease  to  flow,  the  rivers  would  be  dried  up ;  the  vbd 
water  in  the  glolie  would  be  accumulated  in  the  ocean ;  ill 
earth  would  become  dry  and  parched ;  vegetables  being  A 
prived  of  moisture,  could  no  longer  continue  to  grow;  tl 
cattle  and  lM*asts  of  every  kind  would  lack  their  usual  fooi 
man  himself  would  perish ;  the  earth  would  become  a  doll,  i 
animate,  sterile  mass,  without  any  vegetables  to  embellish  : 
surface,  or  any  living  creature  to  wander  thrtmgh  its  frigfad 
deserts. 

If  the  atmosphere  containiHi  no  vapour  whatever,  the  aani 
eva[Kiration  from  the  surface  of  water  could  easily  be  dct« 
min(*d  from  the  <lata  already  stated  in  this  section,  provid 
we  were  acquaintiMi  with  the  mean  temperature  of  the  piai 
Hut  as  the  atmosphere  i.H  never  free  from  va|Miur«  wr  oil 
either  determine  the  mean  quantity  present  by  trial,  or  deii 
mine  the  actual  evaporation  liy  experiment.  Now,  as  far 
evaporation  is  roncenicil,  the  sturfaee  of  the  globe 
three  prin(*i|MiI  %arietie«i:  namely,  water,  ground  covered 
grass  or  other  vegetables,  anil  Imre  soil. 
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Dr  Dobaon  maile  a  set  of  experiments  during  tbe  years  S»ct.  lit 

32,   1773,   1774,  and  1775,  to  delennine  the  evaporation  Enipo™. 

I  tbo  surface  of  water  at  Liverpool  during  these  years.  ^"^"°' 

.  took  a  cylmdrical   vessel  of   12   inches'  diameter,   and 

vag  nearly  filled  it  with  water,  exposed  it  beside  a  rain 

e  of  the  same  aperture,  and  by  adding  water,  or  removing 

uionally,  he  kept  the  surface  at  nearly  the  same  height. 

f  carefully  registering  the  quantities  added  or  taken  away, 

I  CDtDparing  them  with  the  rain  that  fell,  the  amount  of 

wration  was  ascertained.     The  mean  annual  evaporation 

I  the  surface  of  water  at   Liverpool  amounted  to  36*78 

es.     The  mean  annual  fall  of  rain  at  Liverpool,  as  ascer- 

Uiaed  by  Dr  Dobson,  is  (without  reckoning  the  dew)  37'48 

inches.     We  see  at  onee  from  this  that  more  rain  falls  at 

I-rverpool  than  can  be  accounted  for  by  the  evaporation,    Con- 

■iiuently  there  must  ho  a  supply  of  vapour  from  the  sea,  and 

i-obably  from  the  warmer  regions  of  the  globe.* 

A  «ct  of  experiments  upon  the  evaporation  from  ground  FramMfi. 

tovorcd  with  vegetables  and  from  bare  soil  was  made  by  Mr 

T'hoinas  Hoyle  and  Mr  Dalton,  at  Manchester,  during  the 

■  ■■an  1796,  1797,  and  1798.     Thoy  got  a  cylindrical  vessel 

'    tinned  iron  ten  inches  in  diameter,  and  three  feet  deep. 

^  licre  were  inserted  into  it  two  pipes  turned  downwards  for 

'ii«  Water  to  run  oft'  from  it  into  bottles.     One  of  these  pipes 

"^  Dear  tlie  bottom  of  the  vessel,  the  other  was  an  inch  from 

'br  top.     This  vessel  was  filled  up  for  a  few  inches  with  gravel 

**<*  Band,  and  all  the  rest  of  it  with  good  fresh  soil.     It  was 

"ipn  pm  into  a  hole  in  the  ground,  and  the  space  around  filled 

"P  *ith  earth,  except  on  one  side  for  the  convenience  of  put- 

"^  bottles  to  the  two  pipes.     Water  was  poured  on  to  sadden 

^  earth,  and  as  much  as  would  was  suffered  to  run  through 

*'lnoui  notice,  by  which  the  earth  might  be  considered  aa 

'■^turaied  with  water.    For  some  weeks  the  soil  was  constantly 

'■'0»(v  the  level  of  the  upper  pipe,  but  latterly  it  was  always  a 

V  water  to  ri 


I  iroposs 


r  any  v 


igh  tbe  upper  pipe.     For  the  first  year  the  soil  at  top  waa 
but  during  the  last  two  years  it  was  covered  with  grass 


1777.  p.  244. 
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Cba^iii.  the  same  as  a  green  field.  Things  being  thus  circomstanceMi 
a  regular  register  was  kept  of  the  quantity  of  rain  water  th— 
ran  off  from  the  surface  of  the  earth  by  the  upper  pipe  (whS 
that  took  place),  and  also  of  the  quantity  which  sunk  damm 
through  the  three  feet  of  earth,  and  ran  out  through  the  lo«"« 
pipe.  A  rain  gauge  of  the  same  diameter  was  kept  close  % 
to  find  the  quantity  of  rain  for  any  corresponding  time.  B[; 
this  apparatus  the  quantity  eva|>orate<l  from  the  earth  in  tk 
vessel  during  three  years  was  ascertained.  The  annual  en* 
poration  was  25*  1  />8  inches.  Now,  if  to  the  rain  we  add  5  inchei 
for  dew  (not  reckoned  in  Mr  DaltonV  observations),  it  foUovi 
that  the  mean  annual  eva|>oration  from  earth  at  Manchester 
amounts  to  30  inches.  It  follows,  likewise,  from  these  ob- 
servations of  Dal  ton  and  Ilovle,  that  there  is  but  little  difler- 
ence  between  the  evaporation  from  gretn  soil  and  bare  sofl; 
for  the  evaporation  during  the  first  year,  when  the  soil  io  the 
vessel  wat!  bare,  differed  but  little  from  that  of  the  two  follow- 
ing years  when  it  was  covered  with  grass.* 

The  mean  annual  evaporation  at  Glasgow  may  be  esthnato 
from  the  table  which  has  been  insertetl  in  page  219  of  tU 
work.  The  mean  elasticity  of  the  vapour  evaporated  is  0-1282 
inch  ;  and  it  is  probable  that  the  ehii«ticity  for  March  aiM 
April,  the  two  months  not  given,  will  not  deviate  much  finoa 
the  annual  mean.  Now«  0*1283  is  the  elasticity  of  the  rapov 
of  water  at  the  temperature  of  20'=>.  From  Mr  Oalton's  table 
iuM^rtiMl  in  ]mge  210,  it  may  l»e  estimate<l  that  at  the  tempera 
ture  of  20<^  a  circular  vc*»»el  of  water,  G  inches  in  diameter,  i 
ex|M>sed  t(i  a  |H>rfcctly  dry  atuiofphcre,  would  lose  per  minnU 
0*44  ^raini«  of  its  weight  by  eva|N)ration.  Thii>  in  a  jeai 
would  amount  to  9ir>.(  cubic  inches.  Ilemv  it  follows  bv  i 
very  ea:<y  calculation  that  the  annual  eva|M)ration  at  CfUigM 
amounts  to  32*413  iiirlu*^. 

I  am  dispo>fd  to  take  32  inches  as  the  mean  annual  evapor 
aticm  all  over  ( ireat  Hritain.     It  is  certainU  less  than  this  ie 
a  great  |>art  of  Srotland,  and  a  |N)rtion  of  Kngland ;  b«it 
am  {K.T8uadi*d  that  it  exceeds  it  C(»nsiderably  in  the  soutb-<«fl 

•  Matic)u'*t<  r  Mcmuir*.  iM  strtcn,  %.  p.  SfiO. 
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^  Xngland,  and  probably  also  in  East- Lothian  and  Berwick-   s^ct.  ill. 
ibire.     Let  us  now  see  how  the  rain  and  dew  correspond  with 
this  eraporation. 

9.  The  quantity  of  rain  which  falls  annually  in  any  place  is  fj^jj^f^i^ 
determined  by  means  of  a  rain  gauge.  This  is  usually  a  cir- 
cular or  square  vessel  having  a  surface  of  a  determined  num- 
of  square  inches.  It  is  funnel-shaped  below,  and  terminates 
a  pipe  which  conducts  the  rain  water  to  a  bottle  or  some 
otber  ressel,  where  its  quantity  may  be  accurately  measured. 
I^liis  rain  gauge  is  set  up  in  a  field  at  a  distance  from  every 
tiling  that  may  screen  it  or  have  a  tendency  to  keep  off  the 
When  rain  falls  it  enters  into  the  vessel  in  proportion 
the  size  of  the  surface,  and  being  measured,  and  the  quantity 
di^ded  by  the  number  of  inches  in  the  area  of  the  rain  gauge, 
quotient  gives  the  depth  of  rain  which  has  fallen  in  the 

where  the  gauge  is  fixed. 
There  have  been  many  disputes  about  the  accuracy  of  rain  *^»^" 

,  ,  .  •  .        gauges. 

It  has  been  affirmed  that  the  quantity  of  rain  which 


into  them  depends  entirely  upon  the  wind,  and  that,  therc- 

we  cannot  know  by  means  of  them  how  much  rain  falls 

my  place,  unless  they  be  so  constructed  that  their  surface 

^Ittll  always  be  perpendicular  to  the  wind  that  blows.     But  it 

^Qcmatome  evident,  that  if  a  rain  gauge  be  placed  horizontally, 

^>^  in  a  situation  completely  exposed  on  every  side,  and  neither 

■Owned  nor  overlooked  by  any  neighbouring  building,  ex- 

■cfly  the  same-  proportion  of  rain  will  fall  into  it  as  on  the 

••■le  area  of  the  surrounding  ground.     Consequently  it  must 

Of  the  rain  which  falls  into  it  all  remain)  give  us  a  correct 

Motion  of  the  rain  falling  in  the  place  where  it  is  situated. 

There  are,  however,  some  circumstances  connected  with  rain 
Piigtt,  that  require  examination  and  elucidation  before  we 
^'^M  trust  entirely  to  the  results  which  they  give  us.  Professor 
"■Ae,  of  Philadelphia,  stated  at  the  annual  meeting  of  the 
**ti8h  Scientific  Association,  which  met  at  Newcastle  in  1838, 
"•tif  two  rain  gauges,  exactly  alike,  were  placed  at  the  two 
-  •Pporile  angles  of  a  square  tower,  that  one  on  the  side  next 

»«  print  from  which  the  wind  blows  will  indicate  nearly  twice 
'■I'^ich  rain  as  the  other. 


^ 


f\ 
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Chap.  III.      There  is  also  a  curious  fact,  first  pointed  out  by  Dr  William 
I..CU  rain    Heberdon,  which  ou^^ht  to  be  taken  into  account     He  placed 

falls  in  high  .  .    '^  ...  .1  t>    0    -nr  » 

than  low     a  rain  gauge  on  the  square  part  of  the  roof  of  WestnuDster 
^     *  Abbey,  at  such  a  distance  from  the  western  towers  as  pro- 

bably to  be  little  affected  by  them.     Another  rain  gauge  was 
placed  on  the  top  of  a  house,  but  considerably  lower  than  the 
first ;  and  a  third  rain  gauge  on  the  ground  in  a  garden  ber 
longing  to  the  house.     The  observations  were  continued  froia 
July  1766,  to  July  1767,  or  a  year.     The  rain  water  collected 
in  each  rain  gauge  was  as  follows : — 

Top  of  Westminster  Abbey         .         12-099  inches. 
Top  of  a  house  .         .         .         18*139 

On  the  ground  .         .         .         22-608* 

This  observation  has  been  frequently  repeated,  and  it  has 
found  to  hold  constantly.     More  rain  is  always  collected 
the  lower  than  in  the  upper  gauge. 

The  observations  of  Dr  Heberden  were  repeated  by  M( 
Philips  and  Gray,  in  the  year  1832,  at  York.  A  rain 
was  placed  on  the  top  of  York  Minster  at  the  height  of  S*  ' 
feet,  10^  inches  above  the  river  Ouse;  another  on  the  top  o^ 
the  Museum,  at  the  height  of  72  feet,  8  inches;  and  a  thir^ 
on  the  ground,  29  feet  above  the  river,  and  the  quantity  of 
rain  collected  in  each  during  the  year  1832  was  measured.  I^ 
was  as  follows : — 


York  Minster 

15*91  inches. 

Museum 

20-461 

Crround 

24-401 

They  have  given  the  following  empyrical  formula  for  calculatixiS 
the  quantity  according  to  the  height.  Let  h  =  the  height 
then  the  diminution  of  rain  will  be  =  m  V  A ;  m  being  a  co- 
efficient which  varies,  being,  in  different  circumstances,  8*29' 
2-88,  1*97,  3-06,  &c.t  U;  is  obvious  from  the  variableness  ^ 
m,  that  the  circumstances  connected  with  this  diminutioo  ^ 
the  height  increases,  have  not  been  all  appreciated. 

•  PhU.  Trans.  1769,  p.  859. 
f  Third  Report  of  the  British  Scientific  AfltociatioD,  p.  401. 
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The  annual  quantity  of  rain  is  greatest  at  the  equator,  and  s^ct.  in. 
gndoally  diminishes  as  we  approach  the  pole.     This  ¥dll  be 
€fidentfrom  the  following  little  table>  showing  the  annual 
depth  of  rain  in  difiPerent  latitudes : — 


Moulmain 

latitude  N. 

Rain  Iti'Inefaei. 

19M2* 

Marmato 

• 

5    27' 

64-091 

Granada 

12 

126 

Cape  Fran9oi8 
Calcotto 

19    46 

120 

22    23 

81 

Rome     . 

41    54 

39 

Genera 

47    20 

30-4J 

England 

50°  to  55° 

31 

Petersburg     . 

59    16 

16 

Uleaborg 

65      1 

^^K. 

George  Town,  Den 

leran 

i 

6   40 

133-56§ 

On  the  contrary,  the  number  of  rainy  days  is  smallest  at  Nnmber  of 
^  equator,  and  increases  in  proportion  to  the  distance  from  "^  *^ 
it   Prom  north  latitude  12^  to  43^  the  mean  number  of  rainy 

From  43^  to  46°  the  mean  number  is  103 

46        50  134 

50        60  161 

^  k  obvious  from  this  that  the  rain  falls  in  very  heayy  showers 
■  varm  climates,  and  that  it  becomes  more  and  more  gentle 
v  we  advance  towards  the  pole.  Consequently  in  hot  climates 
tte  air  must  be  much  less  loaded  with  moisture,  and  the  ratb 
^evaporation  much  greater  than  in  cold  climates.  For  when 
^  hSs  very  heavy  a  great  portion  of  it  runs  off  by  the  sur- 
fcce,  and  flows  into  the  sea.  But  this  happens  to  a  much  less 
0^  when  the  fall  of  rain  is  more  gentle. 

Bot  instead  of  attempting  to  compare  the  quantity  of  rain  luin  in 
*^  evaporation  over  the  whole  surface  of  the  globe,  for  which  tain. 

^fnm  Itt  October,  1828,  to  Ist  October,  1829:   obsenred  by  Dr 

t  h  b  4d78'5  feet  above  the  leyel  of  the  sea.    Riun  in  1883,  60*79 
■^ ;  m  18S4, 87*40  inches.     Boussuigault,  Ann.  de  Chim.  et  de  Phys. 

^Mfltn  of  82  yean*  observaUons.     Saiuwure,  Ann.  de  Chim.  et  de 
*^  xBt.  82. 
)  Attn  lit  Jan.  to  21st  Sept.  1831. 


S28  HBAT. 

ciuip.  III.  we  have  not  sufiiciGnt  data,  let  us  cooBno  ourselves  tc»  ^irvai 
Britain.  The  annual  evaporation  for  Great  Britain  is  prt> 
bably  about  32  inches.  Tlie  followinir  table  exhibits  the  mr^i 
annual  fall  of  rain  in  difTerent  places  in  Great  Britain  : — 

Msncliestor 36*140  inches 

Liver|KMiI 34*119 

Chstswurth 21'fAA 

Lancaster  .....  311*714 

Kendsl  53-044 

Dumfries 3«*lllSl 

Glssgow  21*331 

Edinburp^h 24*5  nearU 

Kinfauns  Cattle,  near  Perth, 

(1)  On  a  hill,  OOO  feet  al>ove  the  sea  39*^>1 

(2)  In  the  fnu*<l<^n<  -^  ^^^    <^»-  25*19 

(3)  On  Kinfauus  eastle,  129  feet  do.       241-76 
London 24-OI* 


Mean  ....         3t)*33 

But  I  have  not  inserted  the  mean  rain  at  many  places  wber 
it  is  very  considerable.  At  I^Iymouth,  for  instance,  it  ii^  nc 
less  than  44  inches.  Tho  annual  fall  in  the  Sto(*kov-miui 
about  12  miles  from  Gla^fjow,  is  iibout  42*6  inches :  at  Ctrven 
ock  about  42*6  inches;  at  Lnr^s  alK>ut  43 i  inches;  and  i 
Gordon  (*astle  about  29*3  inches.  1  think,  therefore,  thi 
(includinir  the  dew)  the  mean  fall  i)f  rain  over  all  (treat  Britat 
cannot  l)e  estimated  at  less  than  36  inches. 

If  this  estimate  he  a  near  approximation  to  the  truth,  tb 
p«r»tiM.  eva]Niration  is  less  than  the  rain  by  about  4  inches.  Thi 
excess  must  be  supplit^d  from  the  ueighlMmring  seas.  The  fiMj 
inches  of  rain  not  airaiu  elevated  in  the  state  of  va|MHir  mm 
be  annuollv  carriird  into  the  8<*a  bv  means  of  the  differvc 
rivers. 

Now  a  i|uantity  of  wat<T  which  would  cover  the  whole  sux 
face  of  (treat  Britain  to  the  depth  of  4  inches  (supposins  thj 
surface  level)  would  amount  to  l,238JH4,ir>2,000«000  cub 
inches,  ikhirh  is  e<pial  to  4,467,725,610,767  im|K*rial  gmllon 

*  Lake  Howard.     Mean  of  20  %-«rar«'  o(»«enrationi,  from  1797  to  IH16 


Es 
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or  17,729,069,884  tons,  supposing  the  ton  to  contain  252  im-  Sect.  in. 
perial  gallons.* 

Let  U8  compare  this  with  the  quantity  of  water  actually 
conyeyed  to  the  sea  by  some  of  the  principal  rivers  in  Ghreat 
Britain/ 

The  breadth  of  the  Clyde  at  the  New  Bridge,  Glasgow,  is  Quantity  of 
410  feet,  and  its  mean  depth  3^.     The  velocity  of  the  water  J^V  Clyde. 
at  the  surface  is  1*23  inches,  and  the  mean  velocity  of  the 
whole  water  is  0*558,132  inch  per  second.     From  these  data, 
it  may  be  inferred  that  the  quantity  of  water  discharged  per 
second  is  76|  cubic  feet.     Tliis  amounts  to  2,417,760,000 
cubic  feet,  or  473,017,448  imperial  gallons,  or  1,877,053  tons. 
The  river  Clyde  drains  about  ^^th  of  Scotland,  or  about  ^^^d 
|iart  of  Great  Britain :   hence  if  the  water  discharged  into 
the  sea  by  the  Clyde  afforded  a  fair  average  of  the  whole 
island,  the  total  amount  of  the  water  discharged  annually  by 
all  the  rivers  in  Great  Britain  would  be  only  155,795,399 
tODs,  which  does  not  amount  to  one-hundredth  part  of  the  ex- 
of  the  rain  above  the  evaporation. 
But  there  are  two  circumstances  which  serve  in  some  mea- 
tO'  account  for  the  enormous  difference  between  the  two 
qplantities.    The  water  discharged  by  the  Clyde  was  deter- 
mined in  summer,  when  the  river  is  always  much  smaller  than 
daring  winter.     It  is  therefore  considerably  under  the  real 
quantity,  though  I  have  no  data  to  determine  how  much.    The 
^strict  drained  by  tho  Clyde  is  not  nearly  so  rainy  as  many 
ether  tracts  both  in  England  and  Scotland :  hence  the  water 
which  it  discharges  ahould  be  less  than  the  average  for  Great 
Britain.     To  this  may  be  added  that  the  size  of  the  tract  of 
country  drained  by  the  Clyde  is  somewhat  arbitrarily  estimated 
-91  ^'oth  of  Scotland.     The  want  of  good  maps  makes  it  very 
difficult  to  determine  how  much  it  is  in  reality. 

If  our  estimate  of  the  difference  between  rain  and  evapora^ 
tion  be  an  approximation  to  the  truth,  it  follows  that  ^th  of 
all  the  rain  that  falls  is  raised  by  evaporation  from  the  sea. 

*  In  making  thii  calculation  I  have  supposed  the  area  of  Great  Britain 
to  be  T7JH4  square  miles. 
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ClMl^  Hi.  This  is  one  of  the  reasons  why  the  most  rain  fidb  on  th 
coast  of  Great  Britain  when  the  wind  blows  firom  the 
west  and  west,  and  most  upon  the  east  coast  when  it 
from  the  east.     As  the  west  wind  blows  for  a  much 
period  of  the  year  than  the  east  wind,  more  rain  falls 
west  than  the  east  coast  of  Great  Britain.     Glasgow, 
is  an  inland  city,  and  at  some  distance  firom  the  mon 
is  drier  than  Edinburgh,  which  is  more  coDtiguoos 
Eastern  Ocean,  and  much  drier  than  Greenock  or  Largs, 
are  contiguous  to  the  Western  Ocean. 

10.  While  the  moisture  present  in  the  atmosphere  coi 
in  the  state  of  rapour  it  b  perfectly  transparent  and  colot 
or  at  least  it  only  communicates  to  the  sky  that  Iitc! 
colour  which  we  obserre  it  to  possess  when  the  atmosp 

^'iZrSky!'  '^'^^^^  ^^^  Tapour.  Thb  colour  seems  owing  to  th 
perty  which  rapour  has  of  absorbing  the  least  refrangib 
of  light,  and  transmitting  only  the  most  refrangible, 
is  well  known  that  the  aspect  of  the  sky  becomes  dark 
darker  in  proportion  as  we  ascend  in  it ;  and  when  we 
such  a  height  that  all  the  aqueous  rapour  is  left  below  i 
sky  appears  to  the  eye  perfectly  black.  This  is  the 
which  it  has  from  the  top  of  Mont  Blanc,  as  desrril 
Saussure,  and  likewise  from  the  summits  of  the  Andes. 
But  though  the  presence  of  rapours  cannot  be  Ae%^ 
the  atmosphere  by  their  colour,  yet  we  can  easily  judgi 
the  air  is  loaded  with  them  ;  because  we  can  see  to  i 
greater  distance,  and  the  outline  of  the  distant  mount 
much  more  distinct  than  when  the  air  is  dry.  In  this  c 
it  is  a  comparatively  rare  thing  to  see  the  sky  perfectly 

ciMi4m.  parent.  Much  more  frequently  the  rapour  assumes  a 
form,  or  becomes  that  upaquc  fleecy-looking  matter  »fa 
denominate  a  cUmd.  Sometimes  these  clouds  are  ren 
rery  thin,  and  very  small  in  size.  At  other  times  tb« 
lower  down  and  envelope  tbi*  whole  face  of  the  sky. 
times  two,  or  even  three  layers  of  clouds  can  be  seen  i 
ferent  hei^rhts  above  each  other.  Whenever  this  happec 
of  the  layeri*  is  moving  with  uioro  velocity  than  the  othi 
we  observe  one  layer  nioviiii;  in  one  direction*  and  anul 
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idiffBrent  one.     Sometimes  these  clouds  sink  down  to  the  J^2!liill 
toy  iar£Bce  of  the  earth,  and  envelope  it,  in  which  case  they 
an  known  by  the  name  of  mists  or  fogs. 

There  seems  little  reason  to  doubt  that  the  cause  to  which  How  form- 
Dr  Button  ascribed  the  formation  of  rain,  is  in  reality  the 
cuae  of  the  formation  of  clouds.  Dr  Hutton  showed,  by 
eiperiment,  that  when  air  of  different  temperatures,  each  con- 
tuning  as  much  vapour  as  is  compatible  with  the  temperature, 
oe  mixed  together,  a  precipitation  of  moisture  always  takes 
place.  A  simple  inspection  of  the  table  of  the  force  of  vapour 
given  in  page  210  will  be  sufficient  to  satisfy  us  that  this 
BiHt  always  be  the  case. 

The  force  of  vapour  at  .  40^  is  0*26  inch. 

do.  do.  .  .  60^  is  0-52 

The  mean  of  which  is  .  0*39 

But  the  force  of  vapour  at  .  50^  is  0*36 

Now  since  0*36  is  less  than  0*39,  it  is  clear  that  whenever 
^  aoch  strata  are  mixed,  a  precipitation  of  moisture  must 
^ays  U|ke  place.     Again, 

The  force  of  vapour  at  60^  is  0*52  inch. 

do.  do.  ..         80^  is  1*01 

The  mean  of  which  is      .  0*76 

But  the  Ibrce  of  Tapomr  at  70^  is  ooly  0-726 

^^owrsig  clearly  that  when  air  at  60o  and  80<>,  each  saturated 
^  moisture,  are  mixed,  moisture  must  be  precipitated* 

Now,  whenever  moisture  is  predpitated  from  air,  in  ecfwie^ 
Voice  of  the  mixture  of  air  of  different  temperatures,  this 
F'^pitated  moisture  always  assumes  the  appearance  of  a 
^''^or  misL  We  have  a  good  example  in  the  cloud  forme^l 
^^  steam  i^ues  from  the  spout  of  a  boiling  tea>ketth% 
«ae steam  has  the  temperature  of  212^  and  we  shall  suppose; 
*se  mr  at  60^,  and  saturated  with  moisture* 

Force  of  vifrxir  at  Off  is    (rf/Z  ia«h. 

do.  do.  212r^is3ri 

The  OKaa  r^  wiiich  k    .  \r^Jf. 


^  Ae  fbfce  ci  rapoBr  at  136-,  the  'mtetut0:4uiU:  icmyts^ 
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Chmp.  Ill,  ture,  is  only  5*14  inches:  hence  a  great  proportion  of  tlrar  ^ 
vapour  must  be  precipitated.     But  this  precipitated  vapoti v-> 
instead  of  assuming  the  form  of  drops  of  water,  which  on« 
would  have  expected,  is  converted  into  a  cloud  or  misi. 

doudsT  **^        ^ow  mist  or  a  cloud  consists  not'of  solid  drops ;  but  of  a 
multitude  of  very  thin  vesicles  of  water,  enclosing  some  aeriaJ 
substance  within  them,  similar  to  the  vesicles  usually  blown 
from  soap  suds.     That  this  is  the  structure  of  clouds  aad 
mists  was  affirmed  by  Derham  and  others,  his  contemporaries. 
Derham  informs  us,  that  he  examined  them  by  means  of  a 
microscope,  and  found  them  to  be  vesicles.*     Indeed,  the 
vesicular  structure  is  obvious  from  the  circumstance  of  cloudfl 
continuing  elevated  at  a  considerable  height  in  the  atmosphere, 
and  that  fogs  may  be  often  seen  elevating  themselves  up  the 
sides  of  mountains.     If  clouds  or  fogs  consisted  of  rouod 
dropSy  their  precipitation  would  be  rapid.     For  a  drop  whose 
diameter   amounted  to  i^th  of  an   inch  would  acquire  • 
velocity  of  nine  or  ten  feet  per  second.     Whereas  we  90^ 
clouds  hover  at  a  small  elevation  for  hours,  and  they  can  i^ 
consequence  be  transported  from  the  sea,  lake,  river,  or  mutbs 
from  which  they  are  raised,  far  into  the  country  or  to  the  top* 
of  mountains,  where  the  requisite  supply  of  moisture  canno* 
be  had  any  other  way. 

Ooads  M.  de  Saussure,  senior,  while  travelling  in  the  Alps,  hap^ 

Teticies.       pened  to  be  enveloped  in  a  mist  which  was  almost  stagnaa'^ 
He  was  astonished  at  the  size  of  the  drops,  as  he  thougt^^ 
them,  and  at  seeing  them  floating  slowly  past  him  witho«^^ 
falling  to  the  ground.     Some  of  them  were  larger  than  tk^® 
largest  peas.     Catching  them  in  his  hand  he  found  them 
be  bladders,  inconceivably  thin,  and  he  found  upon  examia 
tion  that   they  all  had  this  structure.     Indeed  the  opti<^-^ 
phenomena  exhibited  by  clouds  and  mists,  show  clearly  t 
they  are  of  a  vesicular  structure.     If  clouds  were  compos- 
of  drops  they  would  exhibit  a  rainbow  every  time  the  s 
shone  upon  them,  supposing  the  spectator  placed  between  t^'^ 
sun  and  the  cloud.    No  such  appearance,  however,  ever  tai^-^ 


•  Dcrhaiu*8  Physico- Theology,  p.  46. 
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.«e.  But  every  person  must  have  observed  the  halos  which  Sect,  ill. 
formed  when  a  portion  of  fog  is  interposed  between  our 
and  the  sun  or  moon.  The  same  halo  may  be  perceived 
wlmen  the  cloud  formed  by  the  mixture  of  steam  and  air  is 
iK^^^erposed  between  our  eye  and  a  c^dle  or  the  sun.  Accord- 
iz^^  to  the  measurements  of  De  Saussure,  the  diameter  of  the 
sxKmiillest  of  the  vesicles,  of  which  clouds  are  usually  composed, 
about  4^,  and  of  the  greatest  about  ^i^  of  an  English 

But  though  there  is  no  doubt  that  clouds  consist  of  a  con- 

rries  of  vesicles,  we  have  no  conception  of  the  way  in  which 

vesicles  are  formed.     Nor  is  it  easy  to  conceive  why 

vesicles  are  sometimes  lighter  than  air,  sometimes  a 

Ix^tle  heavier,  and  sometimes  exactly  of  the  same  specific 

inty  with  the  air  in  which  they  float.    Indeed,  if  the  aerial 

with  which  these  vesicles  are  filled  were  saturated  with 

*"*«i8ture,  while  the  air  in  which  they  float  is  dry,  we  would 

■®«  a  reason  why  they  should  be  lighter  than  air.     On  such  a 

supposition  the  clouds  should  rapidly  disappear.    Accordingly 

^e  generally  find  that  when  clouds  rise  in  the  atmosphere 

^^^  speedily  diminish  in  size,  and  at  last  vanish  away;  being 

8*^ually  converted  again  into  vapour.     If  the  air  within  the 

^cles  were  in  the  same  state  with  respect  to  moisture  as  the 

**^  in  which  the  cloud  floats,  the  vesicles  should  be  heavier 

^***i  air,  and  constitute  what  we  distinguish  by  the  name  of 


^he  most  probable  cause  of  the  difierence  of  gravity  be- 

^^en  clouds  and  the  air  in  which  they  float  is  a  difierence  in 

^^^ir  temperature  from  that  of  the  surrounding  medium.    The 

^xtuation  of  clouds  seems  to  be  connected  with  electricity, 

^^ugh  in  what  way  the  vesicular  form  is  induced  by  clectri- 

^Jf  we  have  no  conception.     The  vesicles  seem  to  be  all 

**^*»'ged  with  the  same  kind  of  electricity.     This  causes  them 

7  **pd  each  other,  and  of  course  prevents  them  from  uniting 

*"*o  drops  of  rain. 

Clouds  then  are  formed  whenever  two  strata  of  air  of  dif- 
*^  temperatures,  and  each  saturated  with  moisture,  are 
""^^d  together.     The  sky  in  this  country  is  usually  much 
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Chap.  III.  freer  from  clouds  when  the  wind  blows  from  the  east  than 
when  it  blows  from  the  west:  because  the  temperature  of 
the  east  wind  being  low,  there  is  less  chance  during  its  con- 
tinuance of  strata  of  different  temperatures  mixing  together. 
The  comparatively  highstemperature  of  the  west  wind  ren- 
ders the  chance  of  an  intermixture  of  air  of  different  tempen- 
tures  during  its  continuance  much  greater.  Should  a  west 
wind  blow  in  the  upper  regions  of  the  atmosphere,  while  to 
east  wind  blows  near  the  earth,  the  whole  sky  would  beecHne 
clouded,  because  the  contiguous  portions  of  the  twoetrata 
mixing  together  would  occasion  a  deposition  of  moisture. 

Fnrmation       11.  The  formation  of  rain  is  still  inyolved  in  impenetraUe 

^^    °'       obscurity.     Rain  never  falls  in  this  country  unless  the  sky  le 
cloudy,  and  unless  that  peculiar  kind  of  dense  black  dead 
appear  well  known  by  the  name  of  rain  ckmd.    Whenever  Ae 
particles  constituting  clouds  lose  their  vesicular  form  sod 
unite  together  in  drops,  rain  falls.     This  change  is  probaUj 
connected  with  some  electrical  phenomena  which  are  not  y^t 
understood.     Clouds  are  attracted  by  mountains,  and  mov^ 
rain  falls  in  mountainous  districts  than  in  any  other.    W^ 
can  conceive  the  mountain  in  the  opposite  electrical  state  bof^ 
the  cloud.     This  would  account  for  the  attraction.     Wh^ 
the  cloud  came  close  to  the  mountain  its  electricity  would  ^ 
abstracted,  and  the  vesicles  in  consequence  might  collap^ 
into  drops. 

t^e  villi!  12.  In  that  part  of  Peru  called  Valles,  which  Ues  on  «J 
north  and  south  side  of  Lima,  in  south  latitude  12^,  bouncS-^ 
on  the  east  by  the  Andes,  and  on  the  west  by  the  Pac^ 
Ocean,  it  never  rains  at  all ;  but  during  winter  the  earth- 
covered  with  so  thick  a  fog  as  to  intercept  the  rays  of  the  ^* 
This  fog  appears  almost  every  day  during  winter  with  a  A^ 
sity  that  obscures  objects  at  any  distance.  About  10  of 
o'clock  it  begins  to  rise,  but  without  being  totally  dispera^ 
though  it  is  then  no  impediment  to  the  sight,  intercq>^^ 
only  the  direct  rays  of  the  sun  by  day,  and  that  of  the  »t^ 
by  night.  Sometimes  it  is  so  far  dispersed  that  the  disc  < 
the  sun  becomes  visible,  but  the  heat  from  his  rays  is  stu 
precluded.     In  the  wiiiter  season  these  vapours  dissolve  ia^^ 
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«i  fery  small  mist  or  dew,  wbich  they  call  garua^  and  thus  Sect,  ill. 
^irerjwhere  mobten  the  earth.  These  garuas  never  fall  in 
cjiiintities  sufficient  to  damage  the  roads  or  incommode  the 
temveller;  but  they  render  the  most  arid  and  barren  parts 
CierUle.  They  convert  the  disagreeable  dust  in  the  streets  of 
lima  into  mud. 

Now,  in  that  country  the  wind  always  blows  from  the  south ; 

"tliat  is  from  a  colder  to  a  warmer  region.    Sometimes  it  veers 

■L  pdnt  or  two  to  the  east ;  but  it  always  blows  between  the 

acQth  and  south-east.     When  the  fogs  come  on  the  south 

'wind  is  barely  felt,  and  a  scarcely  perceptible  air  seems  to 

come  from  the  north,  which  forms  the  fog.* 

The  obvious  reason  why  it  never  rains  in  that  country  is 
tkat  the  wind  constantly  blows  from  a  colder  to  a  hotter  part 
«lflie  world*  We  see  also  the  cause  of  the  fogs.  They  are 
oecnioned  by  the  mixture  of  the  hot  air  from  the  north  with 
tlie  colder  air  from  the  south. 

Rain  is  produced  by  irregular  winds.  If  the  winds  were 
always  to  blow  steadily  in  the  same  direction  no  rain  whatever 

Would  &n. 

When  a  country  is  quite  flat,  as  is  the  case  with  Egypt,  it  R^reir 
*ddom  rains,  although  the  winds  are  not  quite  steady.  In  Egypt, 
^igypt  it  very  seldom  rains.  During  June,  July,  August, 
^iHl  part  of  September,  the  wind  blows  from  the  north. 
*^uring  the  latter  part  of  September  it  blows  from  the  east. 
^^  winds  are  most  variable  about  the  winter  solstice.  From 
*k«U  to  March  they  are  mostly  southerly .f 

The  heavy  rains  that  fall  in  India  always  take  place  during 

^^  shifting  of  the  monsoons,  and  while  they  last  the  winds 

•^  always  variable.   Even  in  this  country  steady  dry  weather 

^  ilways  accompanied  by  a  steady  direction  of  the  wind, 

wbereas  in  rainy  weather  the  winds  are  unsteady  and  vari- 
•bU. 

'Hiese  fEU^ts  are  sufficient  to  show  the  connexion  of  rain  iUin  owing 
^th  the  variable  nature  of  the  winds.  winds.* 

*  Sec  UIloa*8  Voyage^  vol.  ii.  f  Sec  Vulncy*d  Travels. 
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Chap.  ill. 

SECT.  IV. — OF  THE  ATMOSPHERE. 

It  may  not  be  improper  to  introduce  here  a  few  circnm— 
stances  respecting  the  atmosphere,  though  rather  loosely' 
connected  with  the  subject  of  this  chapter;  the  object  of  wbick^ 
is  to  state  the  facts  connected  with  the  conversion  of  liquids 
into  vapours  or  elastic  fluids. 

What  is  called  the  atmosphere^  is  the  invisible  aerial  bod; 
which   surrounds  the   earth   to  a  considerable  height,  am 
which  revolves  round  the  axis  of  our  planet  like  the  earth 
the  ocean. 
Conititu.        It  is  a  mixture,  or  rather  a  compound,  of  two  gases, 
and  azote^  containing  20  volumes  of  the  former,  and  80  vd 


of  the  latter.    But  it  always  contains,  besides,  a  small 
ture  of  carbonic  acid  gas^  and  more  or  less  water  in  the 
of  vapour,  which  of  course  modify  somewhat  the  quantity 
oxygen  and  azote  in  100  cubic  inches  of  air. 

The  quantity  of  carbonic  acid  gas  in  air  is  very 
scarcely  amounting  to  r^Vsth  of  the  volume  of  the  wr; 
it  never  increases,  though  enormous  quantities  of  it  are 
stantly  produced  and  thrown  into  the  atmosphere. 
Quantity  of  Every  individual,  at  an  average,  by  breathing,  throws  VT 
arid  form-  cubic  fcct  of  carbonic  acid  gas  into  the  air  in  24  hours, 
the  population  of  Glasgow  be  260,000,  the  quantity  of 
bonic  acid  gas  thrown  by  them  into  the  atmosphere  would 
24  hours  amount  to  78,798,510  cubic  feet;  if  we  admit 
other  animals,  horses,  cattle,  dogs,  cats,  birds,  &c.,  to  amouj^cm^ 
to  ^th  of  260,000,  they  would  produce  about  8,000,0^I>^ 
cubic  feet  more,  so  that  the  whole  carbonic  acid  produc^^^ 
in  Glasgow  by  breathing,  in  24  hours,  is  86,798,510  cul:^** 
feet. 

If  we  suppose  the  consumption  of  coals  in  Glasgow  and  •i-b* 
neighbourhood  to  amount  daily  to  2000  tons,  this  will  p«*^>" 
duce  1,078,510  cubic  feet  of  carbonic  acid;  so  that  the  wUoI^ 
carbonic  acid  gjis  thrown  into  the  atmosphere  in  Gla^<>^ 
daily  must  amount  to  87,877,020  cubic  feet. 

Every  volume  of  carbonic  acid  gas  produced,  render*  ^ 
volumes  of  air  unfit   for  respiration:   hence,   in   24  hour* 
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)386,100  cubic  feet  of  air  are  rendered  unfit  for  respira-  Sect,  iv, 
"on,  or  in  fact  perfectly  poisonous. 

Now,  a  base  of  4  square  miles,  with  a  height  of  100  feet, 
<5cwitains  44,605,000,000  cubic  feet,  of  which  8,921,000,000 
^^ic  feet  are  oxygen  gas ;  consequently,  in  little  more  than 
1-  17  days  the  whole  oxygen  in  that  space  would  be  converted 
^xito  carbonic  acid  gas,  and  every  creature  in  Glasgow,  and  its 
^smvirons,  would  be  destroyed.     Yet  if  we  examine  the  atmo- 
^•jAere  in  Glasgow  or  its  neighbourhood,  we  find  it  always  to 
^5«ntain  the  usual  quantity  of  oxygen  gas,  and  the  proportion 
^>f  carbonic   acid  never   exceeds  r^th   of  the   volume — a 
proof  that  both  the  carbonic  acid  and  the  azote  of  the  air  are 
diifiipated  with  extreme  rapidity.    Were  this  not  so,  the  atmo- 
sphere near  the  surface  of  the  earth  would  long  ago  have  been 
^onfit  for  supporting  animal  life. 

The  quantity  of  atmospherical  air  is  such  as  to  equal  the  5**^{j^^ 
bright  of  a  hollow  sphere  of  quicksilver,  thirty  inches  thick,  •phere. 
•od  covering  the  whole  surface  of  the  globe.  Now,  as  air  is 
^25'9  times  lighter  than  mercury,  it  follows  that  if  its  den- 
•*ty  in  the  higher  regions  were  as  great  as  at  the  surface  of 
^  earth,  the  height  of  the  atmosphere  above  the  surface  of 
fte  earth  would  be  only  1*64  mile.  But  it  is  well  known  that 
^e  density  of  the  air  diminishes  as  we  ascend ;  and  if  we 
'^^OQ  the  height  in  an  arithmetical  progression,  the  diminu- 
^n  of  density  will  go  on  in  a  geometrical  progression. 

It  is  said  that  air-pumps  have  been  constructed  so  excellent 
^«*t  they  were  capable  of  rarifying  air  1000  times.  Now,  at 
Oie  height  of  42  miles  this  would  be  the  rarity  of  the  atmo- 
•pkere ;  so  that  if  a  barometer  were  elevated  42  miles  above 
^  surface  of  the  earth,  the  height  of  the  mercury  in  it  would 
"^  rather  less  than  r^^osth  of  an  inch. 

Kepler  pointed  out  a  very  ingenious  way  of  determining  at 
^«*t  height  the  atmosphere  ceases  sensibly  to  refract  light. 
*^^ilight  ceases  when  the  depression  of  the  sun  below  the 
■*^on  amounts  to  18**.  Now,  it  is  easy  to  deduce  from  this, 
^  the  atmosphere,  when  its  height  exceeds  49  miles,  ceases 
•^Uy  to  refract  light.  This  of  course  is  the  height  of  the 
^^'i^here  as  far  as  utility  is  concerned.     But  it  is  extremely 
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Ciuip.  Ill,  probable  that  it  extends  farther  than  this.  Nor  is  there  an  -7 
difficulty  in  assigning  its  absolute  limit.  The  higher 
the  atmosphere  are  carried  round  the  earth  in  23  hours 
56  minutes,  by  the  rotation  of  the  earth  about  its  axis.  Not 
these  parts  would  be  projected  from  the  earth,  and  would  letf^^  ~€ 
it  altogether  if  their  centrifugal  force  were  greater  than  their — Jar 
gravitation  to  the  centre.  But  the  centrifugal  force  ▼arie  — => 
directly  as  the  distance,  while  gravitation  varies  as  the  squai^*  f 
of  the  distance.  It  can  easily  be  shown,  that  these  two  fc 
become  equal  at  the  distance  of  6*6  radii  of  the  earth,  or 
26,000  miles :  hence  we  arc  sure  that  no  part  of  the 
^here  can  be  farther  from  the  surface  of  the  earth  than  26,0(^^ 
miles. 
h!!i^htor  ^^^  mean  height  of  the  barometer  which  measures  tlm^ 
thc^baro-     quantity  of  atmospheric  air,  is,  at  the  surface  of  the 

at  the  temperature  of  32^,  29*9546  inches.     So  that  at 
temperature  of  60^,  the  mean  height  of  the  barometer  at 
level  of  the  sea  is  29*9869  inches,  or  only  0*013  inch  less 
30  inches.* 


meter. 


Variation        When  WO  continue  to  observe  a  barometer  in  the  same 

ofthcbaro-  111  1        •      1  •  •  1 

meter.        every  body  knows  that  it  does  not  remain  stationary,  but 
and  falls.     This  alteration  in  height  b  connected  with 
winds.     Accordingly,  in  the  torrid  zone,  where  the  winds 
pretty  regular,  the  rise  and  fall  are  very  trifling,  amounticv^K 
only  to  a  few  tenths  of  an  inch.     At  Madras,  for  example,  tt'^ 
mean  range  of  the  barometer  is  only  0*6  inch.     The  great^*^ 
annual  range  ever  observed  in  that  place,  was  0*964  inch,  a*^^ 
the  smallest  0*462  inch. 

As  we  advance  northwards  or  southwards  from  the  equat*:^^* 
the  range  increases.     In  Glasgow  it  amounts  to  2*95  ioch< 
and  at  St  Petersburg  it  exceeds  3  inches. 

It  has  been  observed  that  there  are  two  periods  of  evi 
day  when  the  barometer  is  highest,  and  two  correspond! 
periods  in  which  it  is  lowest     These  maxima  and  mini 


•  In  consequence  of  this  near  approach,  we  reckon  usually  in  this  e^**^' 
try  the  mean  height  of  the  barometer  at  the  level  of  the  tea,  30  ind**** 
In  France  they  consider  it  at  076  metre,  which  is  equivalent  to  89'M  ^  ^ 
inches  ;  so  that  the  French  determination  is  not  so  near  the  truth  u  9^^ 


THE  ATMOSPHERE.  239 

s  are  observed  in  all  parts  of  the  earth  nearly  at  the  same  Sect,  iv. 
of  the  day ;  showing  that  they  originate  in  tides  of  the 
sphere,  occasioned  by  the  action  of  the  sun. 
le  barometer  is  highest  of  all  between  nine  and  ten  in  the  Jlny^miKi. 
insr.     It  has  another  maximum,  but  not  quite  so  high,  be-  ™f  ^^ 
1  ten  and  eleven  at  night.     Its  lowest  points  are  between 
Bind  five  in  the  evening,  and  four  and  five  in  the  morning. 
From  between  ten  and  eleven  in  the  morning,  the  bare* 
r  continues  to  fall  till  between  four  and  five  in  the  even- 
vhen  it  reaches  its  point  of  greatest  depression. 
From  between  four  and  five  in  the  evening,  it  continues 
se  till  between  ten  and  eleven  in  the  evening,  when  it 
les  its  second  maximum  point. 

From  between  ten  and  eleven  in  the  evening,  it  continues 
U  till  between  four  and  five  in  the  morning,  when  it 
les  its  second  minimum  point. 

Finally,  it  rises  from  between  four  and  five  in  the  mom- 
dll  between  nine  and  ten  in  the  forenoon,  when  it  is  highest 
1. 

Iiese  oscillations  extend  from  the  equator  to  latitude  64®  8', 
md  which  point  they  have  not  yet  been  looked  for ;  but 
£minish  in  amount  as  the  latitude  increases.     Thus  the 
between  ten  and  eleven  p.m.,  and  four  and  five  a«m.  is, 

In  LfOudon     •         .         .         .         0*0162  inch 
•     At  Bombay  .         .         .         0K)437 

At  Poona,  (2000  feet  high)    .         0K)181 

^e  rise  from  four  and  five  a.m.,  to  nine  and  ten  am.  is,  in 

London  ....         0*0186  inch 

Bombay  ,         .         .         .         0*0562 

Poona  ....         0*0445 

"©  fiiU  from  nine  and  ten  a.m.,  to  four  and  five  p.m., 

London  ....         0*0289  inch 

Bombay         ....         0*1142 
Poona  ....        0*1164 

^  the  rise  from  four  and  five  p.m.,  to  ten  and  eleven  p.m., 
Lwadon  ....         0*0272  inch 


peratvre. 
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Clw|w  III.  Bombaj  ....         CH)89C  inch 

Ptioiia  ....         (H)884» 

These  i>scillation8  are  doubtless  owing  to  tides  in  tbc  atinc 
sphere,  occasioned  by  the  action  of  the  sun.  If  the  height « 
these  tides  be  proportional  to  the  difference  l)etween  the  B^trti 
gravity  of  air  and  quicksilver,  the  morning  tide  will  be  n\»w 
13  feet,  and  the  evening  tide  about  25  feet. 
Mmn  ton.  The  mean  tem|MTature  of  the  air  at  the  level  of  the  sea 
highest  at  the  tnjuator,  and  gradually  sinks  as  we  advance  U 
wards  the  pole8.  Profe.^or  Mayer,  of  Gottingen,  wait  < 
opinion  that  the  mean  temperature  of  any  place  at  the  Irrt 
of  the  sea  was  obtaineil  by  multiplying  the  mean  temperatur 
at  the  equator  by  the  square  of  the  cosine  of  the  latitude.  Bi 
this  empyrical  rule  fails  when  we  apply  it  to  high  latitudes, 
gives  us  the  mean  temperature  at  the  pole  32^,  while  we  a- 
certain  from  the  thermometric  tables  of  Parr}'  and  Ross,  tl 
latter  of  whom  spent  four  years  in  the  dreary  latitude  of  70 
at  the  north-east  corner  of  North  America,  that  the  mean  te-i 
perature  of  the  pole  must  be  considerably  l>elow  zero. 

Sir  David  Brewster,  in  1820,  propot^d  another  empyri^ 
rule,  which  in  ordinary  latitude:*  approaches  prt^tty  near  C 
truth.     It  is  this.     Multi])ly  tlu'  mean  heat  at  the  in{uator 
the  cosine  of  the  latituile. 

Humboldt  has  sht»wn  In  numerous  observations,  that  1 
mean  temperature  at  tiie  equator  ami  on  a  level  with  the  » 
is  ftl**i>.  The  mean  tiMiijieratnre  of  latitude  45^,  is  V^ 
Now  Brewster's  fttnnuhi  jrivrsS?*^.],  or  within  a  degree  ami 
half  of  the  truth.  But  this  formula  drives  the  mean  temptf^ 
ture  of  north  latitude  "O'^,  17^*.'>'^:  wlionMs,  the  mean  t^ 
|H»rature  de<liireil  from  a  serii^s  of  observations,  kept  by  - 
John  Boss  rvory  two  hours  ft)r  three  \ears,  gives  the  id**- 
temperature  of  that  latitude  and  west  longitude  06 "^  only  0*!^- 
or  not  quite  one  drirrei*  abovo  zero. 

Thi*  mt^aii  temperature  at  Paris  in  latitude  48-  49.  ■ 
51"*471)<>:t  that  of  London  about  50'^;  that  of  ( Glasgow  47^7^ 

•  Syke*.  Phil.  Trill*.  I^.'U,  |».  Iiil. 

t  Drifrniifiiil  hy  |i«iur.iril  trmii  tin*  tuaiima  an<l  minima  ibr  H^  vnf^ 
from  IHOa  to  iaa4.     Sr<*  Pni»«on'«  Throne  Mnihemaiigme  di  l«  CMw 
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At  Geoeya,  situated  about  1 640  feet  above  the  level  of  the  sea,  Sect,  i v. 
but  in  latitude  46  <>  20'  N.  the  mean  temperature  b  49o  55'. 
Tie  temperature  at  9h.  30'  a.m.,  is  very  nearly  the  mean  tem- 
penture  of  the  day. 

The  range  of  the  thermometer  increases  with  the  latitude 
ud  viih  the  height  above  the  sea. 

At  Poona         .  53^-4,  or  from  40®-5  to  93*^-9 

Paris  .         .  76-2,  .  23-4         99*6 

Berne         .         .  119-25,  —24  95-25 

St  Petersburg     .  127-1,  .        —35*7         91-4 

Victoria  harbour*  130,  .         —60  70 

Bat  in  Great  Britain  this  rule  does  not  hold,  our  heat  and 
nld  being  both  checked  by  the  proximity  of  the  sea.  The 
ptttest  range  of  the  thermometer^is, 

In  London     93^  from  0®  to  93® 
Glasgow  84  0         84 

The  mean  temperature  of  the  table-land  in  India  is  much 
■gher  than  it  ought  to  be  from  calculation.  At  Poona,  at 
Q  deration  of  2000  feet  above  the  sea,  the  mean  temperature 

^  On  the  west  coast  of  Europe,  the  mean  temperature  is  con- 
**frf)ly  higher  than  at  the  same  latitude  on  the  east  coast  of 
^^ca  or  Asia. 


iiti 


is         .         .         32 


latitude. 

At  Enontekis  67*^ 

Table-bay,  Labrador  54 
Stockholm  60         \ 

Newfoundland     .         48         J 
Belgium      .  51         ^ 

Boston         .         .         42  30'J  .50 

^  ^  The  mean  height  of  the  thermometer  in  the  cave  below  the  Ob- 
*'"*'*y  at  Paris,  92  feet  under  the  surface,  is  53o-31  from  a  mean  of 
~  ^ierTations,  made  from  1st  July,  1817,  to  18th  January,  1835,  by 
*Bo«Yird,Ibid.  p.  412. 

About  N.  lat.  70®,  where  Sir  John  Ross  spent  several  years. 

R 
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Chap.  iV.  Laritude. 

Rome  .         .         43° 


>  it  is        .         .         59® 


Raleigh,  Carolina        36 

Pekin  .        .         39  54'     .  .         .        55^ 

In  America  the  winters  are  colder  and  the  summers  wanner 
than  in  Europe. 


CHAPTER  IV. 
OF   IGNITION. 


By  ignition  (perhaps  the  word  incandescence  would  ansif^^ 
better)  is  meant  a  property  which  bodies  possess  of  giving  o«>^ 
light  whenever  their  temperature  is  ridsed  to  a  certain  poiist. 
When  a  body  is  heated  up  to  the  temperature  of  incand&s^ 
cence  we  say  in  common  language  that  it  is  red  hot, 

1.  There  is  reason  to  believe  that  all  bodies  (susceptible  of 
the  property)  become  red  hot  at  exactly  the  same  temperatirrc- 
But  the  exact  point  of  incandescence  has  not  been  determined- 
There  are  two  reasons  for  this.      1.  It  is  higher  than  tli^ 
range  of  a  mercurial  thermometer.     Consequently  we  are  oot 
in  possession  of  an  instrument  capable  of  measuring  it  wito 
precision.     2.  But  even  if  wc  had  such  an  instrument,  it  would 
not  be  easy  to  determine  the  point  of  incandescence,  becau^ 
that  point  is  not  well  defined.     We  depend  upon  the  acutencs^ 
of  our  sight  to  inform  us  of  the  beginning  of  ignition.     Now 
we  are  not  sure  that  we  can  perceive  the  very  weakest  ligl^^ 
The  presumption  is  rather  the  contrary,  as  we  know  tbB^ 
other  animals  see  objects  in  such  weak  light  as  appears  to  ^ 
to  be  darkness.     And  even  our  eyes  will  in  one  condition  oe 
affected  by  a  weak  light  to  which  they  are  insensible  at  another 
time. 
BodieA  be-       Sir  Isaac  Newton  calculated  the  temperature  at  which  « 
hot  at  soQo.  piece  of  iron  begins  to  shine  in  the  dark  to  be  635^.     He  sop* 
posed  that  the  heat  lost  by  such  an  iron,  when  suspended  m* 
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^  room  in  a  giyen  time,  was  always  proportional  to  the  ex-  Chnp.  TV. 
ttn  of  its  beat  above  that  of  the  surrounding  medium.     He 
Pleasured  the  time  which  elapsed  while  the  iron  was  cooling 
from  a  red  heat  till  it  became  cold  enough  to  bear  the  appli- 
cation of  a  thermometer,  and  then  observed  the  rate  of  its 
coding  till  it  reached  the  temperature  of  the  room.     This 
enabled  him  to  calculate  what  the  original  temperature  of  the 
^Qn  had  been.     But  this  law  of  Newton,  though  plausible 
^•^  seducing,  is  very  different  from  the  real  law  of  cool- 
g.    We  are  sure  that  the  lowest  point  of  ignition  is  higher 
n  635^' ;  for  the  boiling  point  of  mercury  is  662o,  and 
"baling  mercury  is  quite  invisible  in  the  dark.     Mr  Daniell 
easured,  by  means  of  his  metallic  ppometer,  the  lowest  point 
which  a  heated  iron  appears  red  hot  in  daylight,  and  found 
980®  Fahrenheit.    But  this  must  be  a  good  deal  higher  than 
pomt  of  ignition  of  the  same  iron  in  the  dark.     Antimony, 
hen  heated  to  the  melting  point,  appears  visibly  red  hot  in  the 
Now,  Dr  Cromwell  Mortimer  found  the  melting  point 
thb  metal  to  be  810^.     From  an  experiment  by  Sir  H. 
I^Tj  it  appears  that  fusible  metal  becomes  luminous  when 
^Maftedto  the  temperature  of  812o.*     The  point  of  ignition 
■■  eren  lower  than  BIO®.      We  cannot  err  very  far  if  we 
¥^  the  commencement  of  ignition  at  SOQo,  or  between  750® 
Bd  800®.     Mr  Princep  has  determined,  by  means  of  an  air 
^■niometer,  that  a  full  red  heat  indicates  a  temperature  of 
^^Mo ;  and  what  he  calls  an  orange  heat,  a  temperature  of 
1650O. 

From  the  experiments  of  Mr  Thomas  Wedgewood,  we  have 
"^^MNi  to  conclude  that  all  bodies  susceptible  of  the  requisite 
'^perature  become  red  hot  at  exactly  the  same  point.  Wood 
*^  most  liquids  cannot  be  made  luminous  by  heat,  because 
^  are  dissipated  long  before  they  reach  the  requisite  tem- 
V^^ture.  But  metals,  stones,  and  earthy  bodies,  can  all  be 
*^W  to  redness. 
There  is,  however,  one  remarkable  exception  to  this.  It  ^„*^^*Jn, 
^  ••a  not  appear  that  the  gases  become  luminous  even  at  a  much  wd  hot. 

»  Phil.  Tran«.  1817,  p.  53. 
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Chap.  IV.  higher  temperature.  The  followini:  in^onioud  experi'ii 
Mr  T.  Wcflgewood  sHM^uid  to  set  the  truth  uf  this  except 
a  very  clear  point  of  view.  He  took  au  earthenware 
bent  so  in  the  middle  that  it  could  be  sunk,  and  make  .- 
turns  in  a  lar^e  crucible,  which  wan  IiUmI  with  sand.  1 
end  of  this  tube  wn.^  fixtnl  a  pair  of  ))ellows  ;  at  th«*  otii 
was  a  globular  vesseK  in  which  was  a  passage,  furnisho 
a  Talve  to  aUow  air  to  pass  out,  l)ut  none  to  <*nter. 
was  another  opening  in  this  ulobular  vcsm*!  filled  with 
that  one  might  sec  what  wa.<i  goin^r  on  within.  The  ct 
was  put  into  a  lire;  and  after  the  sand  had  IxHrome  red  h 
was  blown  through  the  earthen  tul>e  by  means  of  the  bi 
This  air,  after  passing  through  the  red  hot  sand,  came  ir 
globular  vessel.  It  did  not  shine;  but  when  a  piece  d 
wire  was  hung  at  that  i>art  of  the  vesstd  where  the  ca 
ware  tube  entered,  it  became  faintly  luminous^:  a  pnMi 
though  the  air  was  not  luminous,  it  had  been  hot  enoi 
raise  other  bodies  to  the  shining  tem|»erature. 

M.  Saissy  concluded  from  his  experiments  tlmt  oxygc 
airyaud  chkirine  gas,  when  suddenly  compressi*d,  become 
nous;  but  that  this  is  not  the  case  with  anv  other  izi 

m 

bodies.     Thenard  has  shown  that  the  light  was  (iwint: 
combustion  of  some  matter  (oil  for  c\ani|>le),  attachctl 
piston,  and  that  wht*n  no  combustible  matter  was  preso 
light  whatever  wum  evolved  by  the  conipres>ion  of  iheM? »: 
lie  showed  also  that  when  oxy>;en  gas  is  compre?»MHl 
column  of  mercury  (»f  102^  inches,  a  piece  of  tir  plaei\] 
takes  lire  and  burns  brilliantly  when  heated  to  48.VJ 
that  wht*n  the  gas  is  uitTely  subjiHrtinl  to  the  ordinar\ 
spheric  pressure,  Hr  cannot  be  kindled  in  it  though  hea 

«62«.t 
lJ«lit  lirau      2.   Thus  it  aniiear**  that   whenever  a  InnIv  is  heatinl 
certain  point  (about  HOO  )  it  immediately  In^L^ins  to  emit 
On  the  other  hand,  whenever  ii^'lit  is  eunrenlrated  upi 
surface  of  opa«|ue  bodies  they  aUays  become  hot.     Inde 
o|»ai{ue  iNHlies  Uvtime  blotter  nheii  they  are  cx|iuSi*d  I 

*  Ami.  ik  (him.  it  *\v  i'liv*   xlii     Ik.'.  t  lUd.  |i.  I^M 
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direct  rays  of  the  sun.      The  degree  of  heat  induced  is  in-  Chap.  iv. 

fluenced  by  the  colour  of  the  body  ;  foi^  black  bodies,  ceteris 

ff€irSnu,  acquire  the  most^  and  white  bodies  the  least  heat. 

^^Tien  the  colour  of  a  body  is  neither  white  nor  black,  the  de- 

of  heat  induced  is  proportional  to  the  depth  of  the  shade. 

lapposing  the  shades  equal,  blue  is  the  colour  that  becomes 

Imcttest  next  to  black;  green  and  red  follow  next  after  blue; 

SLiid  yellow  is  next  to  white.     The  reason  seems  to  be  that  the 

^xitenaity  of  these  colours,  measured  by  depth  of  shade,  is  in 

^Ik  order  in  which  they  have  been  named.     Blue  may  be  so 

utense  as  to  differ  but  little  from  black,     Gadolinite  has  so 

<leep  a  shade  of  green  that  to  the  eye  it  appears  almost  black. 

Ilie  same  remark  applies  to  some  varieties  of  hornblende* 

fied  and  yellow  are  such  lively  colours  that  they  seldom  are  so 

deep  as  to  be  mistaken  for  black. 

The  degree  of  heat  producible  by  the  direct  rays  of  the  sun  Heat  from 
^not  easily  ascertained;  because  it  is  apt  to  be  dissipated  as  [^^  ^ 
^  as  it  accumulates.     M.  de  Saussure  made  a  little  box 
"Oed  with  fine  dry  cork,  the  surface  of  which  was  charred  to 
^e  it  black  and  spongy,  in  order  that  it  might  absorb  the 
latest  possible  quantity  of  the  sun's  rays,  and  be  as  bad  a 
^dttctor  of  caloric  as  possible.     It  was  covered  with  a  thin 
Sbac  plate.     When  this  box  was  set  in  the  sun's  rays,  a  ther- 
mometer lidd  in  the  bottom  of  it  rose  in  a  few  minutes  to  221^; 
while  the  temperature  of  the  atmosphere  was  only  75^.*     Pro- 
"^^r  Robison  constructed  an  apparatus  of  the  same  kind,  cni- 
plojing  three  very  thin  vessels  of  flint  glass,  which  transmit 
■we  heat  than  any  of  the  other  species  of  glass.     They  were 
w  the  same  shape,  arched  above,  with  an  interval  of  i  inch 
"^^een  them.     They  were  set  on  a  cork  base  prepared  like 
^^Qsore's,  and  placed  on  down  contained  in  a  pasteboard 
guilder.     With  this  apparatus  the  thermometer  rose  often  in 
■dear  summer  day  to  MO**,  and  once  to  237°.     Even  when 
•^Wore  a  bright  fire,  the  thermometer  rose  to  212''.t     But 

*  ^oyagts  iur  Ics  Alpes,  ii.  932. 
D«ck'i  Lectures,  L  547.     Whon  the  af»fianitu3  was  carriLJl  to  a  tlamp 
^"•^  oefore  the  '^laafc^  wt.r*^  luit  in  th«.ir  uhrta,  -•/  that  th«r  ;!ir  within 
"^W,  the  thcrn.'nii.ti  I   Tr.w.r  I'^'-v  rtl'-^-   jiih*-  .  Ji-nt'.   Pr   WfAA-ou 
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Chiip.  iv.  when  its  rays  are  concentrated  by  a  burning-glass,  tbcy  are 
capable  of  setting  fire  to  combustibles  with  ease,  and  eiea  of 
producing  a  temperature  at  least  as  great,  if  not  greater,  than 
what  can  be  procured  by  the  most  violent  and  best  conducted 
fires.  In  order  to  produce  this  efibct,  however,  they  most  be 
directed  upon  some  body  capable  of  absorbing  and  retaining 
them;  for  when  they  are  concentrated  upon  transparent  bodiei, 
or  upon  fluids,  mere  air,  for  instance,  they  produce  little  or  no 
effect  whatever. 

Count  Rumford  has  shown  by  direct  experiment,  that  tke 
heating  power  of  the  solar  rays  is  not  increased  by  concentn- 
ting  them  into  a  focus,  but  that  the  intensity  of  their  action  ii 
occasioned  by  a  greater  number  of  them  being  brought  to  bear 
upon  the  same  point  at  once.* 

Lavoisier,  by  means  of  a  powerful  burning-glass,  not  only 
melted  gold,  but  actually  caused  it  to  evaporate ;  for  a  piece 
of  silver  placed  at  some  height  above  the  gold  was  sensibly 
gilded;  The  utmost  heat  of  a  glass-house  furnace,  acting  on 
gold  for  a  month,  produced  no  sensible  evaporation  of  that 
metal  whatever. 

Thus  it  appears  that  when  heat  is  accumulated  in  bodies  to 

a  certain  amount,  it  causes  them  to  emit  light ;  and  that,  on 

the  other  hand,  when  light  is  accumulated  in  them,  it  caoMS 

them  to  become  hot.     There  is  indeed  one  apparent  exception 

Rayiof  the  |;q  ^hig  ffencral  law.     The  lio^ht  of  the  moon,  though  conccn^ 

moon  not  «3  ^^         ^  .  li    /J 

hot.  trated  by  the  most  powerful  burning-glasses,  is  not  capable  oi 

raising  the  temperature  of  the  most  delicate  thermometer.  J*» 
de  la  Hire  collected  the  rays  of  the  full  moon  when  in  the 
meridian  by  means  of  a  burning-glass  35  inches  in  diameteSf 
and  made  them  fall  upon  the  bulb  of  a  delicate  air  thermometer* 
No  effect  was  produced,  though  the  lunar  rays  by  this  gl^ 
were  concentrated  306  times-t  But  this  is  not  surprising  ^^^ 
we  consider  the  prodigious  difference  between  the  intensity  ^ 
the  solar  and  lunar  rays.  M.  Bouguer,  by  a  very  simple  ^^ 
ingenious  set  of  experiments,  has  shown  that  the  illuminating 

concludcdi  that  moist  air  conducts  better  than  dry ;  a  conclusion  fully  con- 
firmed by  the  subsequent  ex|)erinients  of  Count  Rumford. 

*  Jour,  dc  Phys.  Ixi.  32.  f  Mem.  Paris,  1705,  p.  34<J. 
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power  of  a  solar  ray  is  300,00Cr  times  greater  than  that  of  a  Chap.  IV, 
lunar  ray  of  the  same  size.*     Indeed,  we  may  satisfy  ourselves 
by  I  yery  simple  calculation  that  this  estimate  of  Bouguer  is 
notbelow  the  truth.     During  a  part  of  every  lunation,  we  have 
opportunity  of  seeing  the  moon  in  the  sky  at  the  same  time 
the  sun.     If  we  compare  the  moon  under  such  circum- 
stances with  a  white  cloud,  when  any  such  happen  to  be  in  its 
neighbourhood,  the  brightness  of  the  moon  and  the  cloud  ap- 
pear to  the  eye  very  nearly  identical.    So  that  the  moon  emits 
no  more  light  than  is  emitted  during  the  day  by  a  white  cloud 
of  the  same  visual  size.     When  the  whole  sky  is  covered  with 
vhite  clouds,  the  direct  rays  of  the  sun  are  intercepted;  but  the 
%ht  of  the  day  is  very  nearly  the  same  as  if  the  sky  were  un- 
clouded and  the  sun  shining.     It  follows  from  this  that  the 
%ht  emitted  by  the  moon  is  to  that  emitted  by  the  sun  as  the 
Apparent  size  of  the  moon  to  that  of  the  whole  sky.     Now  the 
ttioon,  when  its  visual  diameter  is  a  maximum,  does  not  cover 
one-millionth  part  of  the  hemisphere  of  the  sky.     But  let  us 
^ke  Bouguer's  measurement,  and  let  us  admit  that  the  direct 
^ajra  of  the  sun  are  capable  of  elevating  the  thermometer  237^* 
The  rays  of  the  moon  would  only  possess  j^^^th  part  of  this 
^ffVct,  or  T?ju^b  P*^^  of  a  degree.     So  that  even  when  con- 
centrated 306  times  the  effect  would  scarcely  amount  to  }  of 
^  degree.     But  I  am  satisfied  that  the  light  of  the  moon  is  at 
^^^  loooooo  of  times  less  intense  than  that  of  the  sun,  so  that 
^Hcir  heating  power,  even  when  concentrated  306  times,  could 
■^ot  amount  to  so  much  as  ^\jth  of  a  degree. 

Attempts  were  made  to  ascertain  whether  the  rays  of  the 
"^^on  would  produce  any  effect  on  the  thermo-multiplier,  both 
"y  Melloni  and  Professor  Forbes,  but  they  could  discover  no 
appreciable  action.  Professor  Forbes  concentrated  the  moon's 
*^ys  3000  times,  and  made  them  fall  upon  the  thermo-multiplier, 
^^  the  needle  made  no  appreciable  motion ;  the  motion  cer- 
^aly  did  not  amount  to  a  quarter  of  a  dcgree.f 

3.  How  comes  it  that  heat  and  light  are  mutually  disposed  Jl^^^^^j^ 
^  produce  each  other  ?     Various  solutions  of  this  question  li^ht  mutu. 

ally  evolre 
each  other? 

^  Mem.  Paris,  17-26,  p.  12.  f  Phil.  Mag.  (3d  Series)  vi.  136. 
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Ch>p.  IV.  have  been  offered  at  different  times  by  those  philosophers  who 
are  fond  of  speculating  on  such  subjects.     It  was  belieied 
that  there  exists  a  mutual  repulsion  between  the  particles  o; 
light  and  heat,  and  hence  it  was  inferred  that  the  accumulatioi^^^ 
of  cither  would  occasion  the  expulsion  of  the  other.     Andthi 
was  offered  as  a  suiEcient  explanation  of  the  phenomena.    Bi 
when  we  examine  appearances  somewhat  closely,  they 
but  little  to  induce  us  to  adopt  such  an  opinion ;  if  they 
not  (as  I  think  they  are)  directly  inconsistent  with  it. 

The  quantity  of  light  given  out  by  bodies  always  i 
with  the  temperature.     At  first  it  is  very  feeble,  then  it 
comes  a  dingy  red,  then  a  bright  red,  then  yellow  or  orang^^ 
and  at  last  so  intense  a  white  that  the  eye  cannot  behold  i^ 
Now,  if  we  adopt  the  notion  that  the  light  thus  emitted 
previously  in  the  luminous  body,  we  must  admit  that 
body  in  nature  possesses  the  very  same  quantity  of  light, 
this  quantity  must  be  allowed  to  be  inexhaustible ;  for  tkm 
light  continues  as  long  as  we  keep  up  the  temperature,    i^" 
ounce  of  gold  might  be  kept  red  hot  for  a  month  or  a  century 
and  that  by  communication  of  heat  from  a  body  not  i 
luminous,  as  heated  air,  without  any  diminution  of  the  inte 
sity  of  the  light  which  it  is  constantly  emitting.     The 
remarks  must  apply  to  the  quantity  of  heat  which  all  bodies 
contain ;  for  the  heat  emitted  by  them  is  always  proportional 
to  the  quantity  of  light  concentrated  upon  them.     So  that  'by 
powerful  burning-glasses,  as  high  a  temperature  is  produce^ 
in  bodies  as  can  by  any  other  method.     Thus,  the  hypothec** 
that  we  are  considering  supposes  that  all  bodies  contain   a^ 
infinite  quantity  both  of  light  and  heat — a  supposition  quite 
inconsistent  with  the  very  hypothesis  from  which  it  flows. 

A  second  hypothesis  supposes  that  light  and  heat  are  abBO* 
lutely  the  same  thing,  the  only  difference  between  them  bei0? 
that  light  is  radiated  in  straight  lines  through  space,  wbtl^ 
heat  exists  fixed  in  bodies.     It  produces  the  phenomena   ^' 
light  while  it  is  moving  in  rays,  and  the  phenomena  of  b^Bi 
while  it  is  fixed  in  bodies ;  or,  accoi'ding  to  the  undulatioo 
theory  at  present  fashionable,  the  undulations  of  ether  whiC" 
produce   heat,  are   larger   than  those  which  produce  Hp"^- 
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f       TUb  hypothesis  accounts  tolerably  well  for  the  mutual  evolu-  Chap,  iv, 

tioD  of  light  by  heat,  and  heat  by  light ;  but  it  is  inconsistent 

with  a  number  of  well  established  facts,  which  have  been 

Alitftdy  stated  while  treating  of  the  radiation  of  heat.     For 

niiodimg  is  better  ascertained  than  that  heat  is  emitted  in 

straight  lines  from  surfaces. 

h  all  probability,  light  and  heat,  though  not  absolutely  '^^^'JJJJ'™ 
same,  are  yet  mutually  convertible  into  each  other.    Upon  coDvertiUe. 
'luit  the  difference  between  them  depends  cannot  be  explained, 
^^hether  they  move  with  different  degrees  of  velocity,   or 
'^^rhether  it  be  that  the  interval  between  the  particles  of  heat 
'^  hen  in  motion  is  too  great  to  produce  in  us  the  sensation  of 
^vvion ;  it  may  be  that  to  produce  this  sensation  a  succession 
o' particles  following  each  other  within  a  determinate  interval 
*>'  time  may  be  necessary.     This  difference  in  the  interval 
''Uj  perhaps  account  for  the  different  kinds  of  rays  which 
^xist  in  the   solar   beam,.     But   upon  this  difficult  subject 
"^^^thiiig  better  than  conjecture  can  be  offered. 

4.  There  are  several  bodies  which  seem  to  contain  light  as  ^J^*JJ{*^^^" 

t  constituent ;  since  it  can  be  driven  off  from  them  by  the  ap-  dies. 

pucation  of  a  moderate  heat.     The  quantity  of  light  which 

they  thus  contain  is  not  very  great ;  yet  while  it  is  making 

^  escape,  the  bodies  appear  luminous,  as  if  they  were  sur^ 

"'^'^nded  by  a  low  lambent  flame,  varying  in  colour  according 

^   *hat  of  the  body  from  which  the  light  is  issuing.     The 

*|**^€ral3  which  possess  the  property  of  emitting  light  when 

"f^ted,  are  called  phosphorescent.     Fluor  spar,  and  phosphate 

,     ^Ole,  are  the  two  minerals  which  possess  this  property  in 

.   ^  S^catest  perfection.     Almost  every  variety  of  fluor  spar 

^ore  or  less  phosphorescent;  but  some  kinds  are  much 

^  so  tlian  others.     The  same  remark  applies  to  phosphate 

*^e ;  the  kind  which  is  most  phosphorescent  of  all  is  the 

^Pact  variety  from   Estremadura  in    Spain.     There  are 

^Q  kinds  of  calcareous  spar  which  likewise  phosphoresce  ; 

.*  ^    the  tremolite  seems  to  owe  its  phosphorescing  quality  to 

^  Carbonate  of  lime  with  which  it  is  usually  contaminated. 

vhere  arc  some  bodies  which  seem  to  contain  light  as  a 
**^ituent,  and  which  tlioy  appear  to  part  with  first,  when 
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Oa^iv.  they  begin  to  undergo  vpontancoua  decomposition, 
this  i8  the  case,  has  been  renderctl  tcf}'  evident  by  a 
experiments  made  long  ago  by  Mr  Canton,*  and  repea 
carried  a  great  deal  farther  by  Dr  Ilulme.t  It  haji  he 
known  that  different  kinds  of  meat  and  fish,  jiut  wh< 
are  beginning  to  putrefy,  become  luminous  in  the  cUrk. 
course  give  out  light.  This  is  the  case  in  particular  i 
whiting,  the  herring,  and  the  mackerel.  When  fnur  di 
either  of  these  are  put  into  a  phial  containing  two  ou 
sea  water,  or  of  pure  water  holding  in  solution  half  a  i 
common  salt,  or  two  drams  of  8ulph4te  of  magnesia 
phial  be  put  into  a  dark  place,  a  luminous  rintr  ap|ieara 
surface  of  the  liquid  within  three  days,  and  the  whole 
when  agitated,  becomes  luminous,  and  continues  in  th 
for  some  time.  When  these  liquiils  are  frozen,  the  Yn 
ap|>ears,  but  is  again  emitted  as  soon  as  they  arc  thawi 
moderate  heat  increases  the  luminousness,  but  a  boilii 
extinguishes  it  altogether.  The  light  is  extinirui:»hed 
water,  lime  water,  water  impregnated  with  carbonic  ai 
or  sulphuretted  hydrogen  gas,  fermented  liquors,  ^p 
liquors,  acids,  alkalies,  and  water  saturated  with  a  \a 
salts,  as  sal-ammoniac,  common  salt,  sulphate  of  ma 
but  the  light  appears  again  when  these  solutions  are 
with  water.  This  light  produces  no  seni)ihle  i*tfi*ot 
thermometer.^  After  these  experiments,  it  can  M-ar 
denied  that  litzht  eon.stitute&  a  coiiqNUient  part  of  xhv 
stances,  and  that  it  is  the  fir^t  of  the  constituent  part 
iiiaki*s  ilM  csrape  when  the  huhMancc  containing  it  is  l»o 
to  be  deeonipoM*d. 
MMiboUirt  Father  lieccaria,  nnd  several  other  philosoiiher 
lighi.  shown  US,  liy  their  experiments  that  tluTe  are  a  urcj 

substances  wliirh  beconio  luminous  after  iM'ins:  ex|>u!ie 
light.§  This  pro|»erty  was  di.sro\ered  hy  earr\inir  tl 
stantly  from  the  liL'ht  intt*  a  ilark  pLu*e,  or  by  darLfi 

*  Phil.  Traiin.  lii.  44G.  f  Uml.  Imh*.  |i.  U* 

t   The   «aiiif   f\j-criiiit'iit9    sutCLitl   ^«itli  C'lUituirii   )>vrii|ihi>ru 
lliililir  liu  nlmwii. 

,   I'hil    rmii*.  Ui  -.'I  J. 
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cbamber  in  which  they  are  exposed.  Most  of  these  sub-  Chap.  iv. 
■lances,  indeed,  lose  their  property  in  a  very  short  time,  but 
they  recover  it  again  on  being  exposed  to  the  light ;  and  this 
nay  be  repeated  as  often  as  we  please.  We  are  indebted  to 
Mr  Canton  for  some  interesting  experiments  on  this  sub- 
ject, and  for  discovering  a  composition  which  possesses  this 
property  in  a  remarkable  degree.*  He  calcined  some  com- 
mon oyster  shells  in  a  good  coal  fire  for  half-an-hour,  and 
then  pounded  and  sifted  the  purest  part  of  them.  Three 
parts  of  this  powder  were  mixed  with  one  part  of  the  flowers 
of  sulphur,  and  rammed  into  a  crucible  which  was  kept  red 
hot  for  an  hour.  The  brightest  parts  of  the  mixture  were 
then  scraped  off,  and  kept  for  use  in  a  dry  phial  well  stopped.f 
When  this  composition  is  exposed  for  a  few  seconds  to  the 
%ht,  it  becomes  sufficiently  luminous  to  enable  a  person  to 
^tingubh  the  hour  on  a  watch  by  it.  After  some  time  it 
leases  to  shine,  but  recovers  this  property  on  being  again  ex- 
posed to  the  light. 

The  only  effect  which  heat  had  on  this  pyrophorus  was  to 

ttiorease  the  separation  of  light  from  the  pyrophorus,  and  of 

^o^tirse  to  shorten  the  duration  of  its  luminousncss.     Two 

S'l^SB  globes  hermetically  sealed,  containing  each  some  of  this 

pyrophorus,  were  exposed  to  the  light  and  carried  into  a  dark 

F'o^HD.     One  of  them,  on  being  immersed  in  a  basin  of  boiling 

^'^ter,  became  much   brighter  than  the  other,  but  in   ten 

^^^i^Qutes  it  ceased  to  give  out  light :  the  other  remained  visible 

wy  more  than  two  hours.     After  having  been  kept  in  the 

^•A  for  two  days,  they  were  both  plunged  into  a  basin  of  hot 

^'•ter;  the  pyrophorus  which  had  been  in  the  water  formerly 

^^  not  shine,  but  the  other  became  luminous,  and  continued 

^  give  out  light  for  a  considerable  time.     Neither  of  them 

~«rwards  slione  by  the  application  of  hot  water ;  but  when 

^^''^^ht  near  to  an  iron  heated  so  as  scarcely  to  be  visible  in 

*  PhiL  Trani.  Iviii.  327. 

T  Dr  Higgins  has  added  considerable  improvements  to  the  method  of 
P^^^ring  Canton*s  pyro]>horus.  He  stratifies  the  oyster  shells  and  sul- 
f*^  b  a  crucible  without  pounding  them ;  and  after  exposing  them  to 
^  proper  heat,  they  are  put  into  phials  furni:<hcd  with  ground  stoppers. 
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Chap.  V.  the  dark,  they  suddenly  iiaw  out  their  remaining  li^ht,  and 
never  shone  more  hy  the  s^inie  treatment :  hut  when  ex|>o9ed 
a  second  time  to  the  lijirhty  they  exhihited  over  again  pretM^elj 
the  same  phenomena :  even  a  lifrhted  candh*  anil  electricity 
communicated  some  light  to  them. 
fricUitD^'"  Many  bodies  emit  li^ht  from  friction.  The  way  in  which 
the  effect  is  pnMluced  in  this  case  is  not  well  undcr:ito<Hl.  It 
seems  io  be  connected  with  eliM*tricitv.  The  evolution  of 
sparks  when  tliiit  and  steel  are  struck  airainst  each  other,  b  a 
case  of  combustion,  and  does  not  come  under  the  rlass  of 
bodies  that  become  luminous  bv  friction. 


CHAPTER   V. 

OK    C<»MBlSTION. 


Tins  effect  of  heat  differs  from' those  already  treated  of  in  oft< 
remarkable  and  important  particular ;  it  is  not  uni^ 
There  are  many  substances  which  are  not  susceptible  of  ui 
ilerg'oiiitr  combustion,  thousrh  subj(M*t«Hl  to  ever  so  hissh  a  U 
perature, — and  there  are  some  bo4lier'  whicli  are  capalde  «k^  ^ 
undergoing  combustion  without  the  application  of  any  arC  ^ 
ficial  heat  whatever.  It  is,  however,  a  verv  sjeneral  effect  -^fc- 
heat,  and  it  drnervcs  to  )>e  treated  somewhat  in  tietail,  bccai 
thi'  earliest  attempt^  at  trenrrali/inir  in  chemistry  were  foui 
u]N>n  a  th(H>ry  of  comliustion,  and  becaus4'  tlie  different  tl 
ries  of  conibiir<ti(jn  have  had  a  moM  strikini;  etli*ct  upon 
pri»jrre.ss  and  aspect  of  tln'  science. 
Mfl«ainc  of  1^  ijy  rtnHbttstion  i?»  iniMnt.  in  ctimmon  lani;uai;e«  a 
able  evolution  of  hmt  and  %/i/,  t>r  of^lfrr,  when  certam 
combine  to;;ether.  Tlii-i  i^  well  exemplified  in  the  bumin|b; 
wiHxl,  or  pit  coal,  nr  oils,  or  >pirits,  in  tht*  o|N*n  air.  Tkic 
iHNlies  (five  out  an  I'liormous  (|uantity  of  heat  and  liffht  durt 
their  combust  inn.      'I'Ih*  .-ub.'-tanre  ^»illi   »hii-h  !lie\  romMnc 
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18  the  oxygen  of  the  atmosphere.     When  phosphorus  is  raised  Chap.  v. 

to  the  temperature  of  148°,  it  catches  fire,  and  bums  with 

great  splendour,  combining  with  the  oxygen  of  the  atmosphere, 

ind  giving  out  a  vast  quantity  of  heat  and  light.     Hydrogen 

gas  requires  a  red  heat  to  cause  it  to  begin  to  bum.     It  then 

unites  rapidly  with  the  oxygen  of  the  atmosphere,  and  gives 

oat  little  light,  but  a  great  quantity  of  heat. 

In  all  these  cases  of  combustion  we  only  see  one  of  the  sub- 
itances  which  combine.     The   oxygen   of  the   atmosphere, 
though  just  as  essential  an  ingredient,  is  not  visible,  and  its 
Agency  was  long  unknown.     This  is  the  reason  why  the  wood, 
the  pit  coal,  the  oil,  the  phosphorus,  the  hydrogen,  has  re- 
oeired,  in  common  language,  the  name  of  combustible.     As  Combuiti- 
hoth  the  bodies  commonly  called  combustibles,  and  the  oxygen 
of  the  atmosphere,  are  essentially  necessary  for  combustion, — 
^  during  the  combustion  they  unite  together,  and  as  the  evo- 
'ntion  of  light  and  heat,  which  constitutes  the  most  striking 
P^  of  the  phenomenon,  are  the  immediate  consequence  of 
*hia  union,  it  is  evident  that  in  strict  propriety  of  language 
^  oxygen  is  as  well  entitled  to  the  name  of  combustible  as 
«Qe  other  body  with  which  it  unites.    But  as  common  language 
^*s  fixed  before  the  nature  of  the  process  of  combustion  was 
^^Uerstood,  the  term  combustible  came  to  be  applied  to  one  of 
^  two  substances  which  unite  together,  and  not  to  the  other; 
that,  namely,  which  is  the  most  conspicuous.     It  would  be 
^ain  for  us  to  attempt  to  alter  the  common  language,  and 
^rm  that  the  oxygen  is  just  as  much  a  combustible  as  the 
'^^  or  the  pit  coal  which  we  burn  on  our  fires.     We  would 
^^r  be  able  to  prevail  upon  mankind  to  adopt  our  nomen- 
^*^^re.     It  will  be  better  for  us  then  to  apply  the  term  com- 
l\J^^^^9  ^  i^  is  ^^^^  i"  common  life,  and  we  may  distinguish  Supporter, 
^  other  constituent  by  the  name  supporter  of  combustion.        ''****• 
Combustion,  then,  is  a  union  of  a  combustible  with  a  sup- 
%  attended  with  the  evolution  of  heat  and  lights  or  of  fire. 
2-  No  chemical  combination  of  two  bodies  with  each  other  Combim. 
^^  takes  place  without  a  change  of  temperature.     Some-  sIomT*" 
**Uieg  the  temperature  sinks,  as  when  sulphate  of  soda  is  dis-  jjj|j£|^' 
^^Wed  in  a  dilute  mineral  acid,  or  when  snow  and  common  *»"*• 
'•^t  are  mixed  together.     Cold  is  produced  only  when  solid 
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Cfc^^  V*  bodies  become  liquid  by  uniting  together ;  and  the  more 
rapidly  they  liciuefy,  the  ^eatcr  is  the  intensity  of  the  cold 
produced.  In  the  theater  nuroln^r  of  chemical  combinatiam 
heat  is  evolred,  and  the  more  rapidly  the  combination  takei 
pla(*e,  and  the  more  intimate  it  is,  the  greater  is  the  erolutioii 

iamw."  of  heat.  Those  combinations  which  are  accompanied  by  the 
evolution  of  heat,  alwavs  undcriro  an  increase  of  densitv,  or 
the  particles  constituting  them  approach  nearer  cacii  oUht 
than  they  were  before.  An  example  will  make  this  apprtiarb 
of  the  particles  obvious. 
Water  is  a  comi>ound  of 

2  volumes  hydrogen  pu» 
1  vuhiiiii*  dxygrii  gusi 

united  together  and  conden:<ed  into  a  litpiid. 

Sp.  graTity  of  hyilrogcn  pn«  (MMilM 

nxy cr»*ii  K1W  1*1  II I 

that  of  common  air  beini;  unity. 

OraitM. 

2  ciihir  inclu*A  of  hy(ln>^*n  piu  nt  32'  weii^h  (HM.S.^12 
1  cubic  inch  o(  oxygen  gun  wei^h»  (>*3fi4.1.'lil 


Weight  <if  'A  cubic  inrhcs  of  the  constiturnU  nf 

naUT  iM'forc  conibinatiuii  (^4i^J^4*i 

Weight  «>f  .'i  cubic  int-hes  «if  wuter  757*2 •* 

And  mhy.        Now,  th«*  voIumcs  b«»fore  and  after  coml>ination  art*  ii 

as  these  wn&rhts.     From  x\m  it  f(illow:ji  that  1700  cubic  inci 
of  the  constituent:}  nf  water,  when  tliev  combine  to<:i*ther  ». 
assume  tlie  form  of  water,  «H*cupy  little  more  than  1  cubic  in-^ 
So  that  the  pnrticbM  approach  very  nearly  12  times  nea 
each  tttbiT  than  i»hen  thcv  were  in  the  L^1><eous  state. 
is  an  enormous  «'onili*ns:itiiin.      Now.  thi'  beat  evulvinl  di 
the  rapid  union  nf  owl'cu  and  bMlri»L'»Mi  uasc*  i^  the  crea*^* 
that  wr  bu%e  it  in  our  ptincr  tn  prnduoe. 

C«iDbu».  3     1^  jj,  „„|y  ^.|,|.h  liini;,..,  ronibine  with  each  other  rau«" 

llMi  Dfily  •  _ 

fniiQMt        iliat  their  combination  i>  accoiniianied  b\  combustion.      ^^  c*'* 
npidr...-  •  • 


Maatiwo.      the  combinatinn  takes  place  slowlj,  the  total  «|uantity  of  ^♦•* 
evolved  may  be  the  t^nie  as  in  the  ra))id  combination :  but    ^ 
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it  is  CTolTcd  slowly,  it  is  dissipated  as  it  appears,  and  never  ac-  chnp.  v. 
cmnulates  in  sufficient  quantity  to  constitute  y?r6,  which  always 
makes  its  appearance  when  heat  b  accumulated  in  a  body  to  a 
eertfldn  amount.     This  is  probably  the  reason  why  combustion 
is  confined  to  cases  of  rapid  combination. 

4.  In  all  cases  of  combustion  which  occur  in  common  life, 
the  supporter  of  combustion,  which  combines  with  the  burning 
body,  is  the  oxygen  of  the  atmosphere.     But  there  aro  three  ^"JjJ[!JL!^ 
other  bodies  which  possess  analogous  properties  to  oxygen. 
They  accumulate,  like  it,  round  the  positive  pole  of  the  gal- 
vanic battery.      Like  it,  they  combine  with  almost  all  the 
nmple  bodies,  and  form,  with  them,  compounds  of  an  analo* 
gong  nature.     These  three  bodies  are  chlorine^  bromine^  and 
lodme ;  the  first  of  which  is  a  gas  like  oxygen,  the  second  a 
liquid,  and  the  third  a  solid.     These  four  bodies,  from  the 
vudogy  of  their  properties,  may  be  conveniently  classed  toge- 
tter,  and  they  may  be  distinguished  by  the  name  of  supporters 
^combustion.     Of  these  chlorine  is  the  best,  and  iodine  the 
^<>r8t  supporter ;  probably  owing  to  the  state  of  their  aggrega- 
^^IL     The  similarity  of  chlorine,  bromine,  and  iodine,  to  each 
®^er,  is  much  greater  than  their  analogy  with  oxygen,  which 
**^^y  resemble  chiefly  in  their  property,  like  it,  of  combining 
^^U  all  simple  bodies,  and  of  acting  occasionally  as  supporters 
*^   combustion. 

Sulphur  and  phosphorus  occasionally  act  the  parts  of  sup- 
When  sulphur,  in  a  liquid  state,  is  made  to  combine 
yidly  with  copper  or  zinc  or  iron,  and  perhaps  also  with  some 
ler  bodies,  it  becomes  solid  in  the  instant  of  union,  and  the 
compound  becomes  red  hot,  and  exhibits  all  the  pheno- 
^^^ma  of  a  short   combustion.     When  liquid  phosphorus  is 
^^nmght  in  contact  with  hot  lime,  barytes,  or  strontian,  a  rapid 

takes  place,  and  all  the  phenomena  of  a  brilliant 

ibustion  present  themselves.     In  this  last  case  the  oxygen 

'eriously  united  with  the  calcium,  barium,  and  strontium, 

^^^ddenly  enters  into  combination  with  the  phosphorus,  and 

7  contribute  to  the  combustion ;  but  probably  the  greatest 

of  the  effect  is  due  to  the  sudden  change  of  the  phos- 

^^^Kiras  from  a  liquid  to  a  solid  state. 
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Chap.  V.        Potassium  also  frequently  produces  the  phenomeDa  of 

bustion,  aud  may  therefore  be  considered  as  an  occasional  sie 
porter ;  and  doubtless  sodium  and  the  metallic  bases  of  t 
alkaline  earths  would  show  similar  properties  if  we  had  it 
our  power  to  procure  them.     In  all  these  cases,  the  potasai 
is  liquid,  and  suddenly  changes  by  combining  with  oxygen 
with  another  metal  into  a  solid  body, 
oombiutu        ^^^  combustible  bodies  consist  of  all  the  simple  substance 
*»*^  with  the  exception  of  the  four  supporters.     There  exist  lik.^ 

wise  some  striking  anomalies  among  the  simple  bodies,  in 
phenomena  of  their  union  with  the  supporters.     But  it  ivi.1 
be  better  to  leave  the  consideration  of  these  phenomena,  ^xS 
we  come  to  treat  of  those  bodies  themselves  in  which  tlm^^ 
occur, 
enirin^.       ^'  There  is  another  set  of  phenomena  which  have  been  coks* 
sidered  as  connected  with  combustion;  but  which  I  ratfa^r 
think  should  be  classed  as  instances  of  phosphoreaceae^. 
When  the  green  oxide  of  chromium  is  heated  nearly  to 
it  becomes  of  itself  red  hot,  and  glows  for  some  time  like 
live  coal.     By  this  glowing  it  undergoes  no  alteration  id  i 
weight ;  but  becomes  much  more  difficultly  soluble  in  ackl^ 
than  formerly,  and  its  specific  gravity  is  probably  in 
This  glowing  does  not  always  take  place ;  though  it  is  a 
common  property  of  the  oxide.     No  doubt  the  presence  or  tli« 
absence  of  the  property  depends  upon  the  mode  of  preparing 
the  oxide.     I  consider  the  light  that  escapes  in  this  example 
as  having  been  chemically  combined,  and  adhering  so  strooglVf 
that  a  pretty  high  temperature  is  requisite  to  drive  it  off.    1** 
like  manner,  when  the  mineral  called  gadolinite  is  exposed  to  ' 
heat  very  nearly  amounting  to  a  red  heat,  it  becomes  red  ho^ 
and  glows  for  a  little  time  with  considerable  brilliancy.    Thtf 
also  I  consider  as  a  case  of  phosphorescence. 

What  shows  the  agreement  of  these  phenomena  with  tW 
phosphorescence  of  fluor  spar  and  phosphate  of  lime  is»  tbst 
though  no  sensible  alteration  is  made  in  the  weight  or  cheBtf*        ,^ 
cal  constitution  of  the  substances,  they  cannot  be  made  toglo*     I .. 
a  second  time  by  exposure  to  heat.     The  green  oxide  of  cto<>"     |^ 
mium  may  indeed  have  its  property  of  glowing  restored  PT 


f 
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V     httSng  it  with  carbonate  of  potash  or  soda,  which  converts  it  Chap.  v. 
m     4rto  chromic  acid;  digesting  the  chromate  thus  formed  with 
W     axilic  acid,  which  reduces  the  acid  to  green  oxide,  and  then 
F     t&iowiog  it  down  by  ammonia.     But  fluor  spar  and  phosphate 
of  fime  recover  their  phosphorescing  quality  when  decomposed 
and  again  united,  as  was  ascertained  by  Scheele ;  so  that  those 
bodies  which  phosphoresce,  and  those  which  glow,  resemble 
other  in  every  part  of  the  phenomenon. 
6.  To  estimate  the  quantity  of  heat  evolved  during  the  bum-  ^^"^l^^f 
of  different  combustibles  is  not  only  important  in  a  philo-  ^  during 

,  *"  combattion. 

*<fhical  point  of  view,  but  of  considerable  consequence  also 

M  an  object  of  economy.     A  set  of  experiments  on  this  subject 

^*tt  made  by  Lavoisier  and  Laplace.     They  burnt  various 

V^  in  the  calorimeter,  and  estimated  the  heat  evolved  by 

^  ({uantity  of  ice  melted  in  each  experiment.     Dr  Crawford 

^»de  a  similar  set  of  experiments.     He  estimated  the  heat 

•'ohred  by  the  increase  of  temperature  which  the  water  ex- 

Meoced  with  which  he  contrived  to  surround  the  burning 

^68.*     A  still  more  numerous  set  of  experiments  has  been 

••de  by  Mr  Dalton,  chiefly  on  the  heat  evolved  during  the 

^i^bustion  of  gaseous  bodies.     He  filled  a  bladder  capable  of 

^^^Ming  30,000  grains  of  water  with  the  gas  ;  this  bladder  was 

**^  with  a  stop-cock  and  a  pipe.     A  tinned  vessel  was  pro- 

^**^^  capable  of  holding  30,000  grains  of  water;  the  specific 

t  of  which  being  ascertained,  and  as  much  water  added  as 

the  specific  heat  of  both  equivalent  to  that  of  30,000 

P'^Uds  of  water,  the  gas  was  squeezed  out  of  the  bladder, 

jilted,  and  the  extremity  of  the  flame  made  to  play  upon  the 

^^tom  of  the  tinned  vessel.     The  quantity  of  heat  evolved  was 

'^^imatcd  by  the  increase  of  temperature  produced  upon  the 

^^ter  in  the  vessel.f 

-A  very  numerous  set  of  experiments  was  likewise  made  by 
^^'mt  Rumford  on  the  heat  evolved  during  the  combustion  of 
^'^^  spirits,  and  various  woods ;  and  from  the  length  of  time 

*  See  lug  Experiments  on  Animal  Heat,  pp.  254,  320,  333. 

1"  Dillon*!  New  System  of  Chemical  Philosophy,  p.  76.  When  the  sub- 
^"^^  bunt  were  not  gaseous,  they  were  converted  into  a  kunp  and  burnt 
^^  ^  without  a  wick  as  the  case  required. 

s 
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nwpu  V.  which  he  devoted  to  the  subject,  and  the  numerous  preo 
to  which  he  had  recourse,  it  is  probable  that  his  resii 
near  approximations  to  the  truth.* 

These  different  experiments  cannot  well  be  comparer 
ther,  in  consequence  of  the  great  difference  in  the  m 
conducting  them.  In  Dalton*s  experiments  a  trood  deal 
heat  would  of  necessity  be  lost,  yet  as  all  the  erases  were 
as  nearly  as  possible  in  the  same  rircumstanoes,  they  oi 
give  us,  though  not  the  absolute  heat  CTolved,  yet  the  r 
quantity  giren  out  during  the  combustion  of  each  of  tin 
which  he  employed.  I  shall  therefore  give  them  in  the 
ing  table : — 


to  9t 


Siibiluctibumtllh. 

inVtm. 

Icr  oirltcd 

iDlfalL 

Hydrogen  f^    . 

8 

320 

Carbiarettcd  hydrogen 

6 

85 

Olefiant  gas 

4-375 

8?^ 

Carbunic  oxide  . 

0-4375     . 

25 

Olive  oil    . 

3-033 

104 

Wax 

314 

104 

Tallow 

104 

Oil  of  turpentine 

M 

Alcohol 

3-477       . 

5^ 

Sulphuric  ether 

4'2[H} 

62 

Phosphorus 

1  -333 

r»4> 

Charcoal    . 

2m> 

40 

Sulphur 

1-5 

20 

Camphor   . 

3-021 

70 

Caoutchouc 

5"2i]3 

42 

■atj 


In  these  ex|>oriments,  the  greatest  loss  of  heat  v( 
sustained  in  the  buniing  of  the  rharooal,  bomiiM*  it  d 
give  nut  flame.  C*nmphor  ami  oil  of  tur|H*ntii)e  wnuKI 
underrated,  bceauite  niueli  of  their  rarbon  tliesi  iitT  unL 
the  f(»mi  of  lamp  black. 
OfUsTj.  Sir  Humphry  Davy,  in  his  very  nirioii!*  and  inle 
researches  on  flame,  has  ^iven  us  the  ri*sults  of  a  set  uf  < 


*  N'wbnboo'a  Journal,  xxxi'u  llO  ;  KXiiv.  319.  ami  tit  v.  lO.— ( 
Aniiak*n»  tir.  1,  .1«NI. 
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ments  on  the  heat  produced  by  the  combostion  of  five  different  Chap,  v. 
gft8€9.  The  gases  were  made  to  issue  from  the  mouth  of  a 
platinum  tube,  and  the  jet  being  inflamed  was  made  to  play 
vpon  the  bottom  of  a  copper  vessel  containing  oil,  raised  previ- 
ousljto  the  temperature  of  212^.  The  bulk  of  each  gas  con- 
tamed,  and  the  time  of  burning,  were  in  each  case  as  nearly 
tt  possible  the  same.     The  following  are  the  results : — * 


6 
1 
4 
3 

1 


Olefiant  gas  heated  the  oil  to  270^  or  68^ 

Hydrogen       ...         238  26 

Coal  gas         .         .         .236  24 

Sulphuretted  hydrogen   .         232  20 

Carbonic  oxide        .         .         218  6 


The  numbers  in  the  first  column  give  the  relative  quantities 

^^ygen  consumed  during  these  combustions.  These  results 
^^luiot  well  be  compared  with  those  in  the  preceding  table. 
^^  is  obvious  that  much  heat  would  be  dissipated  during  the 
^ntinuance  of  the  experiment,  in  consequence  of  the  previ- 
<>ualy  high  temperature  of  the  oil. 

It  is  not  easy  to  see  why  the  oil  was  previously  heated  to 
*I2«.  It  could  have  no  other  effect  than  that  of  rendering  the 
**^  of  heat  greater  than  it  otherwise  would  be. 

The  followinfif  table  exhibits  the  result  of  the  experiments  Of  LaToU 


ilmrot  lib. 

Hjdrogen 


Charcoal 


'^OspHorus 


Oxygen  ooonimed 
InllM. 

8 


2-66 


1-33 
3-033 


^n^ 


oil 


3-033 


[  Rumford 

loe  melted 
lolbe. 

1         ' 

• 

Ezperioieottr. 

sier,  Craw< 
ford,  Dal- 
ton, and 
Uamford. 

295 

Lavoisier 

480 

Crawford 

320 

Dalton 

96-5 

Lavoisier 

69 

Crawford 

40 

Dalton 

100 

lAvoisier 

148 

Lavoisier 

89 

Crawford 

104 

Dalton 

93-073 

Rumford 

124-097     . 

Rumford 

*  Phil.  Trans.  1817*  p.  52. 
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Wax 
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Oifitn  mnimMd 
InRMk 

ICVOMllCd 

InttM. 

TspM 

3-14 

133 

Ut 

Ul 

Cm 

104 

I)»l 

126-242     . 

Hun 

^^^              • 

104 

Dal 

111^)82     , 

Hull 

3177 

r>?47 

Hull 

4-2JW 

lOT-Ol'T     . 

Hull 

^■^                         • 

97•^<34 

Hur 

Tallow 

Alcohol 

Sulphuric  ether 
Naphtha 

The  result  of  Count  Rumforil*!!  experiments  on  th 
buBtion  of  woods  will  be  seen  in  the  following  table  : — 

I  mu 
»•  '.I 

Lime  .  .  Jdfivr'i  dry  wood,  4  jnn  old 

Uitio  .  .  Dttto 

Ditto  .  .  Ditto,  htghly  drWd  over  a  ckafinf  dUh  .... 

Ditto  •  .  Ditto 

Ditto  .  .  Ditto,  imtbcr  Icai  dried 

Bfoch  .  .  Joiner's  dry  wood,  four  or  Avt  jmn  old       .        .        . 

Ditto  .  .  Ditto 

Ditto  .  .  Ditto,  hifbljr  dried  orer  a  cbafing  ditb 

Ditto  .  .  Ditto 

Elm  .  .  Joiner's  wood,  nitb«T  moist 

Ditto  .  .  Joiner's  drj  wood,  four  or  five  years  old 

Ditto  .  .  IMito 

Ditto  .  .  Ditto,  bif  hly  dried  oTcr  m  rbsfinf  di«b 

IMtto  .  .  Ditto 

Ditto  .  .  Ditto,  dried  Mid  srorrhed  in  the  store    .... 

Oak  .  .  Common  fire  wood  in  moderst«>  vhavings 

Ditto  .  .  Ditto,  in  tbirker  ihovinxs,  leovinK  ore«iduum  uf  rbaroDol 

Ditto  .  .  Ditto,  in  thin  sluiTini^ 

Ditto  .  .  Ditto,  in  thin  shavings,  well  dried  in  the  air 

INtto  .  Joiner's  wimmI,  very  dry.  in  thin  shavings 

Ditto  .  .  Ditto 

Ditto  .  .  Thick  shavings,  leaving  UM  grains  of  rharcoal 

Ash  Joiner's  common  dry  w«mm1 

Ditto  .  .  Same  kind,  shaving*  dried  in  the  air      .         .         . 

Ditto  .  .  Ditto,  highly  dried  over  a  rhaSng  dish 

Maple  .  .  Srmsooed  wood,  highly  dried  over  a  chafing  dish   . 

ServlM.  .  Ditto,                        ditto 

Ditto  .  .  8ame  kind.  sc«>rrhed  in  a  stove 

Cherry .  .  Joiner's  dry  wood 

Ditto  .  .  Name  kind,  highly  dried  over  a  chafing  dish 

Ditto  .  .  Same  kind,  aeorehed  in  a  stove 

Fir  .  .  Joiner's  rommoo  dry 
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by  tlie  beat  dare.     «>^""P-    *• 

I  of  -,,,..  loped  during  th«    

Guallty.  burning  of  •  lb. 

of  tb«  comboiti* 

'*>"         .    .     ShmTingi  well  dried  in  air i5'3SS 

^<to    .    .     Hlfjfhly  dried  over  a  chafing  dish 49838 

^^*«    >    .     Dried  and  scorched  in  a  stove 44'477 

^S««    .    .     Thick  shavings,  leaving  much  charcoal  88*260 

'^I^lar  •    •     Joiner's  common  dry  wood 46*134 

^^ft«    .    .     Same  kind,  highly  dried  over  a  chafing  dish  .  49*548 

-tf '0»  ubemm     Joiner's  dry  wood 42  400 

^A«^^o    .    .     Ditto 42145 

^^^Jk      .    .     With  19*6  per  cent,  of  water  impe^fect1y^  0*81  gramme  a5*2s8 

burnt,  leaving  in  the    combustion  a  (.0*73  34*121 

charcoal  residuum  amounting  to  1 0*94  34*556 

3t  is  not  very  easy  to  draw  any  conclusion  from  these  ex-  Conciu- 
P^^'ximents.      The  enormous  differences  between  the  results***"'' 
ol^^'fauDed  by   Lavoisier,    Crawford,  and  Dalton,  when  they 
o-^^^rated  upon  the  same  substance,  destroys  all  reliance  upon 
*tm^  accuracy  of  the  experiments.     The  most  important  of  all 
^^^  ^  substances  tried  was  hydrogen  and  charcoal,  because  they 
c^:^  vstitute  almost  the  only  combustible  constituents  of  the  sub- 
ices  commonly  employed  for  the  purpose  of  fuel. 
Now,  from  Mr  Dalton's  mode  of  experimenting,  it  is  clear 
his  result  must  have  been  below  the  truth.     It  is  evident 
^refore  that  Lavoisier's  statement  of  the  quantity  of  heat 
olved  during  the  combustion  of  hydrogen  is  greatly  below 
^  truth.     There  are  two  inaccuracies  in  the  calculations  em- 
^yed  by  Dr  Crawford.     He  overrated  the  specific  gravity 
^  hydrogen  gas,  and  likewise  its  specific  heat.     These  occa- 
^Oed  an  error  in  his  estimate  in  excess.     I  think  it  probable, 
^at  we  will  not  be  far  from  the  truth  if  we  say,  that  1  lb.  of 
^drogen  gas,  while  burning,  gives  out  as  much  heat  as  would 
400  lbs.  of  ice,  which  is  equivalent  to  56,000  degrees; 
^^       it  would  raise  the  temperature  of  I  lb.  of  water  56,000 


All  the  experimenters  would  be  likely  to  underrate  the  heat 

Solved  during  the  combustion  of  charcoal.     I  think  therefore 

*^t  we  may  estimate  the  heat  evolved  during  the  combustion 

^^  1  lb.  of  charcoal,  as  sufficient  to  melt  1 00  lbs.  of  ice.     This 

^^  equivalent  to  14,000  degrees  of  heat,  or  it  would  raise  the 

temperature  of  1  lb.  of  water  14,000  degrees. 
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Chap.  V.  But  tbe  quantity  of  oxygen  consumed  during  the  comboft- 
tion  of  a  lb.  of  hydrogen  and  a  lb.  of  charcoal  is  very  Cerent 
Tbe  hydrogen  requires  8  times  its  weight  of  oxygen,  whik 
tbe  charcoal  requires  only  2*66  times  its  weight  of  that  prin- 
ciple :  hence  it  is  obvious,  provided  oiu*  estimates  be  tolerable 
approximations  to  the  truth,  that  the  heat  evolved  durmg  tbe 
union  of  1  lb.  of  oxygen  with  hydrogen,  would  melt  50  lbs.  of 
ice,  while  the  heat  evolved  during  the  union  of  1  lb.  of  oxy- 
gen with  carbon  would  melt  only  37*6  lbs.  of  ice.  Thus  it 
appears  that  the  heat  evolved  during  the  burning  of  hydrogen 
and  charcoal,  is  not  equal  whether  we  compare  the  action 
during  the  union  of  equal  weights  of  oxygen,  or  of  the  com- 
bustibles themselves. 

The  restdts  would  approach  eomewhat  nearer  equality,  if  we 
were  to  compare  the  atomic  weights  of  each,  which  se^ns  to 
be  the  most  reasonable  way  of  considering  the  subject.    The 
atom  of  carbon  is  6  times  as  heavy  as  that  of  hydrogen.    But 
during  its  combustion  it  combines  with  two  atoms  of  oxygen* 
while  hydrogen  unites  only  with  one  atom.     To  compare  tbe 
effect  of  the  union  of  the  same  number  of  atoms  of  oxygen 
with  hydrogen  and  carbon,  we  should  multiply  the  heat  fro** 
the  combustion  of  the  same  weight  of  carbon  as  hydrogen,  by 
3.     It  is  obvious  that  when  the  same  number  of  atoms    ^^ 
oxygen  unite  with  hydrogen  and  with  carbon,  the  heats  evoW«d 
in  both  cases  are  to  each  other,  as  4  to  3.     If  the  heat   be 
reckoned  4  when  the  hydrogen  combines  with  oxygen,  it  ^*** 
be  only  3  when  the  carbon  unites  with  oxygen.    If  Lavoisier  * 
experiments  on  the  combustion  of  phosphorus  be  correct,  tbe 
heat  which  it  gives  out  is  double  that  given  out  by  carlK>*** 
KmtiM  of    So  that  when  the  same  number  of  atoms  of  hydrogen,  carbo*H 

the  hraU  J         o      ^ 

eToived.      and  phosphorus,  unite  each  with  one  atom  of  oxygen,    tn* 
heats  given  out  are  as  follows : — 

Phosphorus  ....  6 
Hydrogen  ....  4 
Carbon  ....         3 

An  accurate  set  of  experiments  on  this  subject,  could  n^ 
fail  to  give  us  many  interesting  and  highly  useful  results* 
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Indeed  a  set  of  experiments  has  been  lately  made  by  M.  Chap.  v. 
I^espretz.  But  he  has  merely  published  the  results,  without 
entering  into  any  details.  It  is  therefore  impossible  to  know 
liow  far  his  results  can  be  depended  on.  According  to  him, 
^rhen  one  gramme  of  oxygen  combines  by  combustion  with  the 
following  bodies,  the  heat  evolved  is 

For  Hydrogen        .         .         2578^  centigrade 
Carbon    .         .         .         2967 
Iron         .  .         5325 

Phosphorus,  zinc,  and  tin,  disengage  nearly  the  same  quan- 
tit  J  of  heat  that  iron  does.* 

7.  Every  substance  seems  to  have  a  temperature  of  its  own, 
>Lt  which  it  is  capable  of  burning ;  and  it  never  burns  till  it  is 
ruBed  to  the  requisite  temperature.     The  following  is  the  Order  in 
order  of  combustibility  of  different  bodies,  according  to  the  dies  bc^n 
observations  of  Davy,  beginning  with  the  body  which  bums  at  ^  ^**™' 
^e  lowest  temperature  : — t 

Phosphorus 

Phosphuretted  hydrogen  gas 

Hydrogen  and  chlorine 

Sulphur 

Hydrogen  and  oxygen 

Olcfiant  gas 

Sulphuretted  hydrogpen 

Alcohol 

Wax 

Carbonic  oxide 

Carburetted  hydrogen. 

tlias  it  appears  that  carburetted  hydrogen  is  the  gas  which 
^^uires  the  highest  temperature,  and  phosphuretted  hydrogen 
^^^  lowest  temperature  to  maintain  its  combustion. 

Ann.  de  Chim.  et  de  Phjs.  xxxvii.  180.  The  ratios  of  the  heat 

out  when  one  atom  of  these  bodies  unites  with  one  atom  of  oxyg^en 
at  follows: — 

Hydrog^en  ....  5 

Carbon        ....  5*75 

Iron            ....  10*25 
^  Phil.  Trans.  1817,  p.  48. 


264 


HI  AT. 


Cfc«p«  V'  When  these  bodies  are  burnt  in  rarefied  air,  the  heal 
cvoWed  is  less,  because  a  smaller  quantity  bums  at  once. 
And  whenever  the  temperature  produced  is  not  suffictent  t«] 
maintiun  the  combustion,  the  flame  is  extinguished.*  Ileoce, 
phosphorus  will  burn  in  air  rarefied  60  times,  while  carburettrd 
hydrogen  will  not  bum  in  air  rarefied  four  times. 

\Mien  gases  arc  rarefied  by  heat,  their  combustibility,  u 

appears  from  Davy*8  ex{>eriment8,  is  increased  instead  of  betn^ 

diminished  as  (irotthus  supposed. 

KAMtof  Wlien  a  mixture  of  two  volumes  hydrogen  gas  and  one 

prvTMitiiif  volume  oxygen  gas  is  diluted  with  determinate  quantities  ol 

*"  other  gases,  it  loses  its  property  of  exploding  when  an  electri* 

spark  is  passed  through  it.     The  following  table  exhibits  tlM 

volumes  of  the  diflfertnit  gases  which  destroyed  the  explosive 

property  of  one  volume  of  such  a  mixture,  according  to  th^ 

experiments  of  Davyf  and  Henry .$ 


VoilOM^ 

Hydrogen   .....         8 

•Aiote        .... 

a 

6 

Oxygen       .... 

m 

9 

Protoxide  of  azote 

m 

11 

•Cyanogen 

>                        « 

1-5 

Carburetted  hydrogen 

• 

1 

*Carbouie  oxide 

« 

4 

Sulphuretted  hjdnti^en 

1 

2 

Olefiant  gas 

• 

0-5 

Muriatic  acid  gai» 

■ 

2 

Fluo»ilicic  acid  gait 

• 

i>-ci3 

*  Ammonia 

»                   « 

1 

2 

*Carbonie  acid 

9 

J 

Inflammation  took  place  when  the  volumes  of  the«e  gaM 
present  were  as  follows : — 


H^dm^i  II 
Ox\^fn 


6 
7 


*  Ua«>.  riiil.  1'ra»».  IHI7.  |t.  4H. 
\  Ibid.  lb*.>4.  p.  '2f<2.     ThoK  marked  thu^  ^*; 


t  Ibid.  |k.  ^S«. 
by  Henry,  the  ctlhir*  • 
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Volumet. 

10 
0-75 
1-5 
0-33 
1-5 
0-75 


Chap.  V. 


Protoxide  of  azote 
Carburetted  hjdrogen 
~  Sulphuretted  hjdrogen 
Olefiant  gas 
Muriatic  acid  gas 
Fluosilicic  acid  gas 

Davy  is  of  opinion  that  the  reason  why  such  mixtures  pre- 
vent the  inflammation  of  the  hydrogen,  is,  that  they  serve  to 
carry  off  the  heat,  or  to  prevent  it  from  reaching  the  requisite 
point. 

8.  Flame  is  the  rapid  combustion  of  volatilized  matter.    The  Nature  of 
tallow  or  the  wax  is  melted  and  drawn  up  to  the  top  of  the   ""*' 
wick  of  a  candle.  Here  it  is  boiled  and  converted  into  vapour, 
which  ascends  in  the  form  of  a  column.  This  vapour  is  raised 
to  such   a  temperature,  that  it  combines  rapidly  with  the 
oxygen  of  the  surrounding  atmosphere,  and  the  heat  evolved 
is  such  as  to  heat  the  vapour  to  whiteness.     Flame  then  is 
merely  volatile  combustible  matter  heated  white  hot.     The 
combustion  can  only  take  place  in  that  part  of  the  column  of 
hot  vapour  that  is  in  contact  with  the  atmosphere,  namely,  the 
exterior  surface.     The  flame  of  a  candle  then  is  merely  a  thin 
film  of  white  hot  vapour,  enclosing  within  a  quantity  of  hot 
rapour  which,  for  want  of  oxygen,  is  incapable  of  burning.  But 
MB  it  advances  upward  in  consequence  of  the  outer  film  being 
already  consumed,  it  gradually  constitutes  the  outer  surface  of 
the  column,  and  assumes  the  form  of  flame.  And  as  the  supply 
of  hot  vapour  diminishes  as  it  ascends,  and  at  last  fails  alto- 
l^her,  the  flame  of  a  candle  gradually  tapers  to  a  point. 
That  this  is  the  nature  of  flame  has  been  beautifully  shown 
by  my  late  friend  Mr  Oswald  Sym,  in  a  paper  which  has  been 
greatly  admired,  but  which  has  not  perhaps  attracted  all  the 
attention  which  it  deserves.*     Mr  Davies,  in  a  very  interest- 
ing^ paper,  has  fully  confirmed  the  accuracy  of  Mr  Sym's 
ob8ervations.t 

9-  There  are  several  vapours  which  bum  at  a  lower  tem- 

*  Annals  of  Philosopby,  (Ist  series,)  viii.  321. 
t  IWd.  (2d  scries,)  x.  447. 
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Chiy.  V.  perature  than  that  which  produces  flame.  During  the 
bustion  heat  U  eToIvc<l ;  but  the  ultimate  products  are  • 
different  from  those  formed,  when  the  same  vapours  bum 
^  gi^in.  flame.  Sir  H.  Davy  discovered  that  if  a  coil  of  platinum 
wnturtian  ®^  Wither  a  Small  siae,  be  plare<l  round  the  wick  of  a  i 
^^2^^  of  wine  lamp,  while  the  alcohol  is  burning,  and  allowed  t 
main  till  it  gets  red  hot,  we  may  blow  out  the  flame  wit 
putting  an  end  to  the  combustion.  The  wire  continuei 
hot,  the  vapour  continues  to  rise  and  undergoes  a  slow  • 
bustion  rouud  it,  during  which  it  gives  out  as  much  hei 
keeps  the  wire  always  at  a  red  heat.  This  combustion  wit 
flame  goes  on  as  long  as  any  spirit  remains  to  evaporate, 
it  may  be  kept  up  for  weeks  without  intermission, 
alcohol  is  converted  into  acetic  acid,  and  a  substance  hi 
a  peculiar  smell.  No  doubt  water  is  also  formed.  The  at 
constituents  of  alcohol  are, 

3  atoms  hydrogen 

2  atoms  carboo 
1  atom  oxygen. 

While  the  atomic  constituents  of  acetic  acid  are 

3  atoms  hrdrogppn 

4  atoms  carbon 
3  atoDU  ozyji^eii. 

Were  we  to  suppose  two  atoms  of  alcohol  during  thi^ 
combustion  to  unite  with  4  atoms  of  oxygen :  they  m\s\ 
convertetl  into  1  atom  acetic  acid  and  3  atoms  water.  Fo 
atoms  alc*ohol  contain. 


Adding  of  oiygt*n 

Total  fi 

I  atom  acotic  acid  cuiitaiii!*    3 
3  atoiiift  watiT  contain 

*»  +4  +f* 

But  it  is  obvioui"  from  the  peculiar  smell  of  the  arrti 


i]  atoms  +  4  atoms 

•           •         •         • 

4 

»;        +  4 

+  r. 

3             +4 
3             +0 

+  3 
+  3 
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farmed,  that  the  substances  generated  are  more  nnmerouBthan  Cb^  v. 

loetic  acid  and  water. 
The  rapour  of  ether,  camphor,  and  several  of  the  volatile 

oik,  may  be  made  to  undergo  this  combustion  without  flame 

II  well  as  alcohol,  and  the  phenomena  are  nearly  the  same. 
Palladium  wire  has  been  substituted  for  platinum;   but 

vhen  wires  of  other  metals  are  employed  the  process  does  not 

ncceed. 
If  a  coil  of  small  platinum  wire,  previously  heated  to  redness, 

be  let  down  into  a  glass  containing  a  mixture  of  coal  gas  and 

iir,  or  vapour  of  ether  and  air,  it  will  continue  red  hot  till  the 

^le  gas  or  vapour  be  consumed. 
This  curious  process  seems  to  depend  upon  two  properties  ^^^  ^ 

^di  platinum  possesses.     Its  specific  heat  is  very  small,  and 

t  H  one  of  the  worst  conductors  of  heat  of  all  the  metals : 
knee  a  comparatively  small  quantity  of  heat  is  sufficient  to 
mke  it  red  hot,  and  being  a  bad  conductor,  the  waste  of  heat 
is  small  compared  to  what  it  would  be  if  silver  or  gold  (which 
ve  Tery  good  conductors)  were  employed.  Red  hot  platinum 
ii  aofficiently  hot  to  cause  the  rapid  union  of  alcohol  vapour 
vhli  oxygen,  but  not  sufficiently  so  to  cause  it  to  burn  with 
iune. 

10.  In  the  year  1822,  M.  Dobereiner,  professor  at  Jena,  ^^^fiT 
•Mounced  that  if  spongy  platinum,  obtained  by  exposing  am-^«»»n««"* 
■Mua-muriate  of  platinum  to  a  low  red  heat,  be  heated  and  in  coataot 
1^  into  the  vapour  of  alcohol,  it  becomes  red  hot  and  remains  ^  Tapour. 
*o  A8  long  as  any  of  the  vapour  is  unconsumed**     He  found 
"^  powdered  black  oxide  of  manganese,  oxide  of  nickel, 
^^^  of  cobalt,  oxide  of  uranium,  oxide  of  tin,  &c.  when  in 
"6  loose  and  porous  state  in  which  they  are  procured  by  de- 
^^poeing  the  oxalates  of  the  respective  metals  by  heat  in  the 
^'P^  air,  may  be  substituted  for  spongy  platinum.     So  that 
^  phenomenon  is  much  more  general  than   was  at  first  Or  by*  jet 
fnppoaed.     In  the  year  1823,  Dobereiner  discovered  that  if  a  ^J^^ 
J6t  of  hydrogen  gas  be  made  to  strike  against  a  small  collection 
^  this  spongy  platinum,  at  the  distance  of  an  inch  or  two  from 

*  Schweigger*8  Jahrbucb,  iv.  91. 
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Chap.  V.  the  mouth  of  the  jet,  the  platinum  becomes  red  hot,  and  con- 
tinues so  as  long  as  the  hydrogen  jet  plays  upon  it.  Or  if » 
mixture  of  oxygen  and  hydrogen  gases  be  put  into  a  glass  jar* 
and  a  little  spongy  platinum  be  let  up  into  it ;  the  platinum 
speedily  becomes  red  hot  and  causes  the  mixture  of  gases  to 
explode.*  This  curious  experiment  was  almost  immediately 
repeated  and  verified  in  every  part  of  Europe. 

Mr  Garden  found  that  the  black  matter  which  remains  be- 
hind when  native  platina  is  dissolved  in  aqua  regia,  and  whicb 
contains  a  good  deal  of  osmium  and  iridium,  may  be  substituted 
for  the  spongy  platinum.f     It  is  only  necessary  to  heat  it  to 
redness  and  allow  it  to  cool  before  using  it.     Thenard  and 
Dulong  found  that  palladium,  rhodium,  and  iridium,  unghthef 
substituted  for  the  spongy  platinum.     Osmium  requires  to  b^ 
heated  to  104°  or  122°.     Nickel  in  a  spongy  state  acts  als^^ 
but  very  slowly .}     Platinum  foil  in  its  natural  state  would  iwC- 
do,  but  when   crumpled  like  paper  it  became  red  hot  lik^ 
spongy  platinum.§ 

When  the  temperature  is  elevated,  but  not  so  high  as  iim^ 
of  boiling  mercury,  all  the  metals  have  a  greater  or  smaller 
effect  when  treated  with  a  jet  of  hydrogen  gas.  Gold  in  plated 
requires  to  be  heated  to  496°,  when  in  foil  to  406°,  but  whea 
in  powder  it  causes  the  combination  of  oxygen  and  hydrogen 
gas,  if  it  be  heated  to  248°. 

Even  charcoal,  pumice,  porcelain,  glass,  and  rock  crystal* 
determine  the  combination  of  oxygen  and  hydrogen  gases,  »t 
a  temperature  below  662°. ||  When  the  fragments  of  glas* 
employed  were  angular  they  produced  twice  the  effect  of  the 
same  quantity  of  glass,  consisting  of  rounded  fragments. 

Thenard  and  Dulong  found  that  platinum,  in  all  states,  and 
likewise  all  the  other  bodies,  gradually  lose  this  property » 
becoming  incandescent,  by  exposure  to  the  air.  But  the  pro- 
perty may  be  restored  again  at  pleasure,  simply  by  heating 


*  Schwciggcr*s  Jahrbucli,  viii.  321. 

f  Annals  of  Philosophy,  (2d  series)  vi.  466. 

t  Ann.  de  Chiin.  ct  dc  Pliys.  xxiv.  380. 

§  Ibid,  xxiii.  440.  '         ||  Ibid.  xxiv.  381. 
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4e  bodies  red  hot,  and  allowing  thera  to  cool ;  or  by  plunging  Ch«p.  v. 
them  into  nitric  acid,  either  cold  or  hot,  allowing  them  to  re- 
■im  for  some  time  in  it,  then  drying  them  in  a  heat  of  about 
JM*.  The  acid  may  now  be  washed  off  with  water,  or  even 
vitli  ao  alkaline  ley,  without  depriving  the  spongy  mass  of  its 
poperty.  Concentrated  sulphuric  acid,  or  muriatic  acid,  may 
ksobstituted  for  nitric  acid,  but  they  do  not  answer  so  well.* 

The  theory  of  this  curious  process  seems  connected  with  T^*®'^  ®^ 

Ae  capillary  attraction  for  oxygen  gas  of  the  small  pores  in 

tte  ipongy  platinum.     It  has  been  proved  by  the  experiments 

tf  Count  Morozzo,  and  M.  de  Saussure, junior,  that  the  pores 

^  charcoal,  and  other  porous  bodies,  have  the  property  of 

^hiorbing  certain  gaseous  substances  so  copiously,  that  they 

^ist  within  the  pores  in  a  condensed  state.     Thus  charcoal 

*^K^  9^  times  its  own  bulk  of  oxygen  gas.     We  may  admit 

^  the  oxygen  of  the  atmosphere  is  condensed  to  this  amount 

^  spongy  platinum.     Count  Morozzo  found  that  when  char- 

^^^  thus  impregnated  with  oxygen  gas  is  placed  in  contact 

*ith  hydrogen  gas,  the  two  gases  combine,  and  water  is  form- 

^*     We  may  admit  that  when  the  hydrogen  gas  strikes  the 

'^'Hace  of  the  spongy  platinum,  combination  takes  place,  and 

"^e  water  is  formed.     This  occasions  the  evolution  of  heat, 

^llich  elevates  the  temperature  of  the  spongy  platinum  in  con- 

■^uence  of  its  small  capacity  for  heat,  and  its  imperfect  con- 

^*cting  power.  This  elevation  occasions  the  formation  of  water 

^  that  part  of  the  jet  which  strikes  the  platinum,  as  it  consists 

^a  nuxture  of  hydrogen  and  common  air.     Thus,  more  heat 

^  evolved,  the  platinum  becomes  red  hot,  and  the  combustion 

goes  on  precisely,  as  when  the  red  hot  platinum  coil  is  left  in 

ODOtact  with  the  vapour  of  alcohol.  When  the  spongy  platinum 

loaes  its  property  of  becoming  red  hot,  the  reason  probably  is 

that  it  has  lost  the  property  of  condensing  oxygen  gas  in  its 

pores.     The  ignition,  or  the  action  of  nitric  acid,  would  seem 

U>  restore  this  property. 

1  !•  Dobereiner  found  that  when  a  little  spongy  platinum  ^Jh  c™ 
made  up  into  a  ball  with  pipe-clay  of  about  the  size  of  a  JJJ^^jJ^Ji. 

nation  of 
ozycen  and 
Ann.  de  Chim.  et  de  Phys.  zxiv.  383.  hjdrofoi. 
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c^^  V-  pea,  and  baked  in  an  incipient  red  heat,  to  make  the  whole 
adhere  together,  these  balls  possessed  a  similar  action  upon  a 
mixture  of  oxygen  and  hydrogen  gaM*s,  as  the  spongy  pUtioim 
itself.  When  let  up  into  a  jar  containing  a  mixture  of  oxjgco 
and  hydrogen  gases  in  the  requisite  proportions,  the  two 
combine  with  frreat  rapidity,  and  in  a  few  minutes,  and 
converte<l  into  water.  A  highly  valuable  and  instructive  «et 
of  experiments  on  the  use  of  these  platinum  balls  in  the  analysis 
of  combustible  gases,  has  Innsn  made  by  Dr  Henry.* 

He  confirmtrd  the  results  obtained  by  Dobereiner,  by  letting 
up  a  platinum  ball  (previously  heatc*d  to  redness  by  the  blow- 
pipe, and  just  allowed  to  co«)l)  into  an  explosive  mixture  of  1 
volumes  of  hydroiri^n  gas  and  one  volume  of  oxygen. 

'^^^Hb^        When  carbonic  oxide  gas  is  mixed  with  this  explosive  mis* 

ttsMc.  ture,  and  a  platinum  ball  let  up,  the  carbonic  oxide  ia  first 
acted  on,  and  converted  into  carl)onic  acid.  If  the  quantity 
of  oxygen  be  sufficient,  the  hydrogen  uls4>  is  converted  into 
water,  and  an  explosion  almost  always  takes  place. 

Ob  aleSaiit  When  olefiant  gas  is  mixed  with  the  explosive  miztnre, 
and  hi  equal  volumes  with  it,  and  a  platinum  ball  is  let  up^ 
the  explosive  mixture  is  rapidly  converti^tl  into  water,  while 
not  above  f'^th  or  ^th  of  the  olefiant  gsis  is  consumed.  The 
ai*tion  on  the  oletiant  u^as  w  greater  when  the  explosive  mixture 
cxeetnU  the  volume  of  the  olefiant  gas.  Thus,  when  t^ 
volumes  of  the  explosive  mixture  is  mixinl  with  1  volume  of 
olefiant  gas,  about  [th  of  the  olefiant  gas  is  consumi*d.  W 
the  oxygen  gas  present  is  sufficient  to  saturate  both  the  by 
gen  and  olefiant  gas,  then  in  general  the  action  is  much 
rapid,  and  both  ^ases  are  consumed. 

^^[J^*        When  carburctted  hydro;:en  gjw  is  added  to  the  exploit 
mixture,  and  a  platinum  lisill  is  let  up,  the  hydrogen 
oxygen  eombini*  rapidly  into  water,  but  the  carburet  ted 
gen  is  not  acted  nn  at  all.  unless  the  quantity  of  oxygen 
present  lie  very  con^ideralile,  and  even  then  the  action  is 
imp^-rfect. 

\N  hen  we  make  a  mixture  of  carlxmic  oxide. 
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bydrogeD,  and  oxygen  gases,  and  let  up  a  platinum  ball,  the  Chap,  v. 
carbonic  oxide  is  converted  Into  carbonic  acid,  but  the  car- 
bnretted  hydrogen  remains  unacted  on. 
When  the  mixture  consists  of 

Hydrogen 
Carbonic  oxide 
Carburetted  hydrogen 
Oxygen, 

the  two  first  gases  combine  with  oxygen,  and  undergo  com- 
bustion, but  the  carburetted  hydrogen  remains  unaltered.  If 
defiant  gas  be  present,  it  is  also  partly  consumed. 

\^Tien  these  four  inflammable  gases  are  mixed  together  Method^of 
with  oxygen,  and  exposed  to  the  action  of  the  platinum  ball,  roixtuns  of 
the  carbonic  oxide  is  first  converted  into  carbonic  acid,  then 
the  hydrogen  is  converted  into  water.     The  defiant  gas  is 
next  acted  on,  but   only  imperfectly,  and  the  carburetted 
hydrogen  is  not  acted  on  at  all. 

This  order  obviously  depends  upon  the  temperature  neces- 
itfy  ^  occasion  the  combustion  of  each  of  these  gases.  Davy 
ascertained  that  hydrogen  gas  and  oxygen  combine  silently, 
•nd  form  water  at  a  temperature  between  662**  and  800® — 
^  carbonic  oxide  is  as  easily  consumed  as  hydrogen — that 
^"^fiaot  gas  requires  a  red  heat — and  carburetted  hydrogen  a 
^hite  heat,  to  cause  them  to  burfi. 

Dr  Henry  ascertained  that  when  a  platinum  ball  is  let  up 
^^  a  mixture  of  carbonic  oxide  gas  and  oxygen,  the  two 
t^^  begin  to  unite  slowly  when  heated  to  the  temperature 
^3000,  and  they  unite  rapidly  at  340*^. 

Olefiant  gas  and  oxygen  begin  to  combine  at  480o,  and  are 
*^^ly,  but  completely,  consumed  at  620*.  But  a  mixture  of 
^•''baretted  hydrogen  and  oxygen  is  not  in  the  least  acted  on 
^hen  heated  to  555°.  Nor  is  a  mixture  of  cyanogen  and 
^ygen  acted  on  though  heated  to  the  same  temperature. 

A  mixture  of  muriatic  acid  and  oxygen  gas,  begins  to  be 
^^^^  on  by  the  platinum  ball,  and  water  to  be  formed,  when 
"^©  temperature  is  raised  to  250o,  and  a  mixture  of  ammonia 
^^  oxygen  at  the  temperature  of  380<>. 
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V-  The  following  table  sliowii  the  effect  of  mrioas  ga«eft»  io 
preventing  the  action  of  the  platinum  Imll  on  an  expltiMTe 
mixture  of  oxygen  and  hydrogen  gades,  constituting  1  T<Junie 
according  to  the  experiments  of  l)r  Henry : — 

Not  provoiited  by  many  vulumes  of  Hydrogen 

■  Az4»to 

-  by  10  volumoii  t»f      Oxygt»n 

. Pnitoxide  of  Atote 


Prt'vent4Mi  by  I  vol  unit*  of  Cyanogen 

Not  preTented  by  10  rolumos  of  Carburette«l  hydrof^vn 

Preveuted  by  ^  volume  of  Carbonic  oxide 

Prcveoted  by  1*5  volume  of  Olefiant  gas 

Not  prevented  by  6  volumes  of  Muriatic  acid 

-^...._  10  volumes  of  Ammonia 


Carlnmic  aciiL 


Dr  Henry  has  ingeniously  applied  these  facts  to  the  analysis 
of  mixtures  of 

Olefiant  gas 

1 1  v(ln>gen 

(  arlMnic  oxide 

(*arburettecl  hydrogen. 

Tlie  olefiant  ^as  is  removed  Ity  chlorine,  and  its  volume 
determinetl.  Then  oxygen  gas  is  mixed  with  the  mixture  of 
the  three  remaining  gasc:*,  .fnd  a  platinum  ball  let  up*  The 
carbonic  oxide  in  converted  into  carbonic  acid,  and  the  hvdro* 
gen  into  water.  Caustic  |>otash,  by  absorbiiii^  the  carbonic 
acid,  determines  the  volume  of  carbonic  oxide.  TwcMhinls 
of  the  diminution  of  volume  (subtracting  the  carbonic  oxide) 
is  the  volume  of  livdroirrn.  Nothing;  remains  but  the  cmihn^ 
rettetl  hydrogen,  which,  l>ein<;  mixed  with  (»xycen  gAs  iu  the 
requisite  proportion,  is  tiriMl  by  electricity,  and  its  quantity 
determined  in  the  luunl  wav. 

* 

■liuMi?    r      ^*'^'  The  firM  attempt  to  explain  combustion  was  crude  and 

cMiibii*-      unsjitistfaetnrv.      A  eertain  elementarv  ImmIv,  called  l?rr.  was 

&up|M>sed  to  exist,  |N»fl>e.'ts(Mi  of  the  pro|MTty  of  devouring  cer-> 

tain  other  iMxlies,  and  eon  vert  inir  them  into  itsc^lf.     When  we 

set  fire  to  a  grate  full  of  charcoal,  we  bring,  according  to  thi» 
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hypothesis,  a  small  portion  of  the  element  of  fire,  which   Ch«p.  v. 
immediately  begins  to  devour  the  charcoal,  and  to  convert  it 
into  fire.     Whatever  part  of  the  charcoal  is  not  fit  for  being 
the  food  of  fire  is  left  behind  in  the  form  of  ashes. 

A  much  more  ingenious  and  satisfactory  hypothesis  was  Hvpoth«U 

proposed  in  1665  by  Dr  Hooke.     According  to  this  extra-  ' 

ordinary  man,  there  exists  in  common  air  a  certain  substance 

which  is  like,  if  not  the  very  same  with,  that  which  is  fixed  in 

saltpetre.     This  substance  has  the  property  of  dissolving  all 

combustibles ;  but  only  when  their  temperature  is  considerably 

raised.     The  solution  takes  place  with  such  rapidity,  that  it 

occasions  both  heat  and  light ;  which  in  his  opinion  arc  mere 

motions.     The  dissolved  substance  is  partly  in  the  state  of 

air,  partly  coagulated  in  a  liquid  or  solid  form.    The  quantity 

of  this  solvent  present  in  a  given  bulk  of  air  is  incomparably 

leas  than  in  the  same  bulk  of  saltpetre :  hence  the  reason  that 

a  combustible  continues  burning  but  for  a  short  time  in  a 

given  bulk  of  air ;  the  solvent  is  soon  saturated,  and  then  of 

course  the  combustion  is  at  an  end.     Hence  also  the  reason 

that  combustion  succeeds  best  when  there  is  a  constant  supply 

rf  fresh  air,  and  that  it  may  be  greatly  accelerated  by  forcing 

in  wp  with  bellows.* 

About  ten  years  after  the  publication  of  Hooke's  Jlficro-«nd 
fiptei,  his  theory  was  adopted  by  Mayow,  without  acknow-      ^^ 
kdgment,  in  a  tract  which  he  published  at  Oxford  on  salt- 
P^.t  We  are  indebted  to  him  for  a  number  of  very  ingenious 
nd  important  experiments,  in  which  he  anticipated  several 
Biodeni  chemical  philosophers ;  but  his  reasoning  is  for  the 
■<M  part  absurd,  and  the  additions  which  he  made  to  the 
*l*fiory  of  Hooke  are  exceedingly  extravagant.     To  the  sol- 
vit of  Hooke  he  gives  the  name  of  spirihis  nitrchoereus.     It 
oontists,  he  supposes,  of  very  minute  particles,  which  are  con- 
ilintly  at  variance  with  the  particles  of  combustibles,  and 
fhtti  their  quarrels  all  the  changes  of  things  proceed.     Fire 
eoDsists  in  the  rapid  motion  of  these  particles,  heat  in  their 
Jen  rapid  motion.     The  sun  is  merely  nitro-aerial  particles 

*  Hooke*8  Micrographia,  p.  103.     See  also  his  Lampas. 
f  De  SaUnitro  et  Spiritu  Nitro-aereo. 

T 
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Chup.  V.  moving  with  great  rapidity.  They  fill  all  space.  Their 
motion  becomes  more  languid  according  to  their  distance  from 
the  sun ;  and  when  they  approach  near  the  earth,  they  become 
pointed,  and  constitute  cold.* 

Hypothetii      The  attention  of  chemical  philosophers  was  soon  drawn 

•nd  subi.  away  from  the  theory  of  Hooke  and  Mayow  to  one  of  a  feiy 
di£Perent  kind,  first  proposed  by  Beecher,  but  new-moddkd 
by  his  disciple  Stahl  with  so  much  skill,  arranged  in  such  an 
elegant  systematic  form,  and  furnished  with  such  numerooif 
appropriate,  and  convincing  illustrations,  that  it  almost  in- 
stantly caught  the  fancy,  raised  Stahl  to  the  highest  nA 
among  philosophers,  and  constituted  him  the  founder  of  Ae 
Stahlian  theory  of  combustion. 
According  to  Stahl,  all  combustible  substances  contain  in 

PhiogUtoD.  them  a  certain  body,  known  by  the  name  of  Phlogiston,  to 
which  they  owe  their  combustibility.  This  substance  is  pre* 
cisely  the  same  in  all  combustibles.  These  bodies  of  oovtm 
owe  their  diversity  to  other  ingredients  which  they  contain^ 
and  with  which  the  phlogiston  is  combined.  Combustion,  and 
aU  its  attendant  phenomena,  depend  upon  the  separation  and 
dissipation  of  this  principle :  and  when  it  is  once  separated, 
the  remainder  of  the  body  is  incombustible.  Phlogiston, 
according  to  Stahl,  is  peculiarly  disposed  to  be  affected  hj  a 
violent  whirling  motion.  The  heat  and  the  light,  which  make 
their  appearance  during  combustion,  are  merely  two  propertiei 
of  phlogiston  when  in  this  state  of  violent  agitation. 

The  celebrated  Macquer  was  one  of  the  first  persons  who 
perceived  a  striking  defect  in  this  theory  of  StahL  Sir  ta^c 
Newton  had  proved  that  light  is  a  body ;  it  was  absurd,  there- 

♦  Though  Ma70W*8  theory  was  not  original,  and  though  his  adfition 
to  it  be  absurd,  his  tract  itself  displays  great  genius,  and  contttns  a  ^ 
number  of  new  views,  which  have  been  fully  confimied  by  the  recent  <!► 
coveries  in  chemistry.  He  pointed  out  the  cause  of  the  increase  of  w(igU 
in  metals  when  calcined ;  ho  ascertained  the  changes  produced  upoa  iff 
by  respiration  and  combustion ;  and  employed  in  lus  researches  an  tppi'*" 
tus  similar  to  the  present  pneumatic  apparatus  of  chemists.  Perhipi  ^ 
most  curious  part  of  the  whole  treatise  b  his  fourteenth  chapter^  in  ^^^ 
he  displays  a  much  more  accurate  knowledge  of  qffinUieSf  than  any  of  "** 
contemporaries^  or  even  successors  for  many  years. 
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tore,  to  make  it  a  mere  property  of  phlogiston  or  the  element  ^'^P*  Y\ 

rf  lire.   Macquer  accordingly  considered  phlogiston  as  nothing 

die  but  light  fixed  in  bodies.     This  opinion  was  embraced 

I7  A  great  number  of  the  most  distinguished  chcmbts ;  and 

I     itey  ingenious  arguments  were  brought  forward  to  prove  its 

^nith.    But  if  phlogiston  be  only  light  fixed  in  bodies,  whence 

Allies  the  heat  that  manifests  itself  during  combustion  ?     Is 

^bis  heat  merely  a  property  of  light?     Dr  Black  proved  that 

^«at  is  capable  of  combining  with,  or  becoming  fixed  in  bodies 

^l^ch  are  not  combustible,  as  in  ice  or  water ;  and  concluded 

^^  course,  that  it  is  not  a  property  but  a  body.     This  obliged 

Philosophers  to  take  another  view  of  the  nature  of  phlogiston. 

According  to  them,  there  exists  a  peculiar  matter,  extremely  u^Vub^ 
^^alytile,  capable  of  penetrating  the  densest  bodies,  astonish-  ^^^^^ 
v^^ly  elastic,  and  the  cause  of  heat,  light,  magnetism,  electri-  craTitj. 
^i-^y,  and  even  of  gravitation.     This  matter,  the  ether  of 
K^ooke  and  Newton,  is  also  the  substance  called  phlogiston, 
^liich  exists  in  a  fixed  state  in  combustible  bodies.     When  set 
^^  hberty,  it  gives  to  the  substances  called  caloric  and  light 
^^ose  peculiar  motions  which  produce  in  us  the  sensations  of 
and  light :  hence  the  appearance  of  caloric  and  light  in 
case  of  combustion ;  hence,  too,  the  reason  that  a  body 
combustion  is  heavier  than  it  was  before ;  for  as  phlo- 
S^iton  is  itself  the  cause  of  gravitation,  it  would  be  absurd  to 
*vi|»po8e  that  it  possesses  gravitation.     It  is  more  reasonable 
^  consider  it  as  endowed  with  a  principle  of  levity. 

Some  time  after  this  last  modification  of  the  phlogistic 
^*^^ory,  Dr  Priestley,  who  was  rapidly  extending  the  boundaries 
^  pneumatic  chemistry,  repeated  many  experiments  formerly 
*^  on  combustion  by  Hooke,  Mayow,  Boyle,  and  Hales, 
^Qiides  adding  many  of  his  own.  He  soon  found,  as  they  had 
^  before  him,  that  the  air  in  which  combustibles  had  been 
*^ered  to  bum  till  they  were  extinguished,  had  undergone  a 
very  remarkable  change ;  for  no  combustible  would  afterwards 
■^oni  it,  and  no  animal  could  breathe  it  without  suffocation, 
fie  concluded  that  this  change  was  owing  to  phlogiston ;  that 
tl>e  air  had  combined  with  that  substance ;  and  that  air  is 
necessary  to  combustion,  by  attracting  the  phlogiston,  for 
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Chap.  V.  which  it  has  a  strong  affinity.     If  so,  the  origin  of  the  heat 
and  light  which  appear   during  combustion  remains  to  be 
accounted  for ;  since  phlogiston,  if  it  separates  from  the  com- 
bustible merely  by  combining  with  air,  cannot  surely  act  upon 
those  bodies  in  whatsoever  state  we  may  suppose  them. 
HTed^m       '^^®  celebrated  Dr  Crawford  was  the  first  person  who 
the  Mir.       attempted  to  solve  this  difficulty,  by  applying  to  the  theory  of 
combustion  Dr  Black's  doctrine  of  latent  heat.     According 
to  him,  the  phlogiston  of  the  combustible  combines  during 
combustion  with  the  air,  and  at  the  same  time  separates  the 
heat  and  light  with  which  that  fluid  had  been  previously  united. 
The  heat  and  the  light,  then,  which  appear  during  combus- 
tion, exist  previously  in  the  air.     This  theory  was  very  dif- 
ferent from  StahVs,  and  certainly  a  great  deal  more  satisfac 
tory.     But  still  the  question.  What  is  phlogiston  ?  remained 
to  be  answered. 
^^  m'^!^       Mr  Kirwan,  who  had  already  raised  himself  to  a  high  rank 
M  hjdro.    among  chemical  philosophers,  by  many  ingenious  investiga- 
tions of  some  of  the  most   difficult  parts  of  the  sdence, 
attempted  to  answer  this  question,  and  to  prove  that  phio* 
giaton  is  the  same  with  hydrogen.     This  opinion,  which  Mr 
Kirwan  informs  us  was  first  suggested  by  the  discoveries  o^ 
Dr  Priestley,  met  with  a  very  favourable  reception  from  th^ 
chemical  world,  and  was  adopted  either  in  its  full  extent,  ^^wr 
with   certain   modifications,   by   Bergman,    Morveau,   CreLE, 
Wiegleb,  Westrumb,  Hermbstadt,  Karsten,  Bewley,  Priestley^, 
and  Delamethcrie.     The  object  of  Mr  Kirwan  was  to  prov«?, 
that  hydrogen  exists  as  a  component  part  of  every  combusti- 
ble body ;  that  during  combustion  it  separates  from  the  coi 
bustiblc  body,  and  combines  with   the   oxygen  of  the  a» 
This  he  attempted  in  a  treatise  published  on  purpose,  intitli 
An  Essay  on  Phlogiston  and  the  Constitution  of  Acids.* 


*  I  have  omitted,  in  the  historical  view  given  in  tlie  text,  the 
thesis  published  in  1777  by  Mr  Scheele,  one  of  the  most  extraordim*'^ 
men  that  ever  existed.     When  very  young,  he  waa  bound  apprentice    ^^ 
an  apothecary  at  Gottenburgh,  where  he  first  felt  the  impulse  of  ^***- 
genius  which  afterwards  made  him  so  conspicuous.     He  durst  not  inde^^ 
devote  himself  openly  to  chemical  experiments;  but  he  contrived  to  m*** 
himself  master  of  that  science  by  devoting  those  hours  to  study  which 


During  tlicae  difFercnt  modifications  of  the  Stahlian  theory,  ^"P^ 
the  illustrioua  Lavoisier  was  assiduously  occupied  in  studying 
the  phenomena  of  combustion.  He  seems  to  have  attached  tomiin 
hfanself  to  this  subject,  and  to  have  seen  the  defects  of  the  pii>i»«i 
prefoUing  theory  as  early  as  1 770-  The  first  precise  notions, 
bowevrr,  of  what  might  be  the  real  nature  of  comhustign,  h 
were  suggested  to  him  by  Bayen's  paper  on  the  oxides  of  mer-  H 
cury,  which  he  heard  read  before  the  Academy  of  Sciences  in  H 
1774.  These  first  notions,  or  rather  conjectures,  he  pursued  H 
with  unwearied  industry,  assisted  by  the  numerous  discoveries  H 
which  were  pouring  in  from  )ill  quarters ;  and  by  a  long  series  H 
of  the  most  laborious  and  accurate  experiments  and  disijuisi-  H 
tions  ever  exhibited  in   chemistry,  he  fully  established  the      H 

for  tiopp.     He  aftrrwArdi  went  to  Sweden,  and  scttlod  w      ^M 
llhecarjr  kt  Kuping.     Here  licrgmaa  fint  found  bim,  »aw  tii»  meritj       ^t 
■Dcouriged  it,  atlopted  his  ojiinions,  dufcnded  liitn  witli  leiil,  aud  look       ^M 
.  hiinwir  tbe  vljiTgc  of  publishing  hia  treatiaes.     Encourtj^  and       H 
•d  tijr  tliig  DiB^Bninioua  conduct,  the  genius  of  8cheel«,   though 
bled  by  cdacation  or  wcnltb,  bunt  forth  » ith  asloiiiihing  lunis ; 
It  an  ago  when  modt  pliilu>0|ihcr«  u-c  only  rising  inlo  notice,  ho  hod 
led  a  UBTccr  of  dUcoTcrie*  which  hu»e  iiu  parallwl  in  the  annab  of 
btry,     WliocTcr  wUbcs  to  behold  inj^iiuitj'  combined  with  eiinpli- 
wtioevtT   wishca   [o   aw   the   ineihausuble   resources   of  chcmic&l 
Fill ;  whoever  wiihus  fur  a  inodi'l  in  chemical  rdcarciiM — has  only  lo 
le  and  to  Mndy  the  works  of  Sche«le. 

JTT7i  Sehpt-le  publiahnl  a  treatiac.  entitled  Ckemical  Exptrtmenu 
»■  ttui  Fire,  which  perhaps  (fihibita  a  more  striking  diiplay  of  Ihu 
It  of  his  geniu»  than  all  hii  other  publications  put  logether.  After  a 
aunbcr  of  ui[<criuiFnls,  conducted  with  uKinishing  iagcuulty,  he 
thai  caloric  it  composted  of  a  cortun  quantity  of  oiyg«o  uum- 
wlth  phlogirton ;  that  radiant  heat,  a  suhstanee  width  he  supposed 
Ic  of  being  prupti(pitvd  in  straight  lines  like  light,  and  nut  capable  of 
r,  1%  conipusud  of  uiygou  united  with  a  greater  quantity 
logiston,  and  light  of  oxygen  unitcKJ  with  a  still  grrattr  ifuantity. 

too,  tliat  the  difftToncc  between  the  rays  depends  u|ion  tliC 
Sty  of  phlogiston :  Ihe  rod,  acconUug  to  him,  contains  the  least ;  the 
1  tbe  most  phlogiston,  tly  pktogiitan,  Mr  Schwie  seem*  to  have 
I  kj/drogtn-  U  ia  nWIiw.  llierDlVire,  to  eiaoiine  his  tlieory,  a*  it  u 
known  that  the  I'omblnation  of  hydrogen  and  uiygt^n  foruu  not  caloric 
rater.  The  whale  fnluie.  ttiercliire,  has  tumbled  to  the  gfrgund ;  bnl 
Bportanee  of  the  material*  will  always  be  arlrulred,  ami  the  mini  of 
tniclarv  tnrul  remain  eternal  monuments  uf  the  genius  if  ihr  builder. 


278  HEAT. 

Chap.  V.  existence  of  this  general  law — "  In  every  case  of  combustion, 
oxygen  combines  with  the  burning  body."  This  noble  disoo- 
very,  the  fruit  of  genius,  industry  and  penetration,  has  reflected 
new  light  on  every  branch  of  chemistry,  has  connected  and 
explained  a  vast  number  of  hjcU  formerly  insulated  and  inex- 
plicable, and  has  new-modelled  the  whole,  and  moulded  it  into 
the  form  of  a  science. 

After  Mr  Lavoisier  had  convinced  himself  of  the  existence 
of  this  general  law,  and  had  published  his  proofs  to  the 
world,  it  was  some  time  before  he  was  able  to  gain  a  single 
convert,  notwithstanding  his  unwearied  assiduity,  and  the 
great  weight  which  his  talents,  his  reputation,  his  fortune^ 
and  his  situation  naturally  gave  him.  At  last  Mr  BerthoUet, 
at  a  meeting  of  the  Academy  of  Sciences,  in  1785,  solemnly 
renounced  his  old  opinions,  and  declared  himself  a  convert 
Mr  Fourcroy,  professor  of  chemistry  in  Paris,  followed  his 
example.  And  in  1707,  Morveau,  during  a  visit  to  Paris, 
was  prevailed  upon  to  relinquish  his  former  opinions,  and 
embrace  those  of  Lavoisier  and  his  friends.  The  example 
of  these  celebrated  men  was  soon  followed  by  all  the  young 
chemists  of  France. 

Mr  Lavoisier's  explanation  of  combustion  depends  upon  the 
two  laws  discovered  by  himself  and  Dr  Black.  When  a  com- 
bustible body  is  raised  to  a  certain  temperature,  it  begins  to 
combine  with  the  oxygen  of  the  atmosphere,  and  this  oxygen, 
during  its  combination,  lets  go  the  caloric  and  light  with  which 
it  was  combined  while  in  the  gaseous  state  :  hence  their  ap- 
pearance during  every  combustion ;  hence  also  the  change 
which  the  combustible  undergoes  in  consequence  of  com- 
bustion. 

Thus  Lavoisier  explained  combustion  without  having  re- 
course to  phlogiston  ;  a  principle  merely  supposed  to  existi 
because  combustion  could  not  be  explained  without  it  No 
chemist  had  been  able  to  exhibit  phlogiston  in  a  separate  state, 
or  to  give  any  proof  of  its  existence,  excepting  only  its  con- 
veniency  in  explaining  combustion.  The  proof  of  its  existence 
consisted  entirely  in  the  impossibility  of  explaining  combustion 
without  it.     Mr  Lavoisier,  therefore,  by  giving  a  satisfactory 
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flioation  of  combustion,  without  baying  recourse  to  phlo-  Chap.  v. 
itoD,  proved  that  there  was  no  reason  for  supposing  any  such 
indple  at  all  to  exist. 

Bat  the  hypothesis  of  Mr  Kirwan,  who  made  phlogiston 
same  with  hydrogen,  was  not  overturned  by  this  explana- 
t,  because  there  could  be  no  doubt  that  such  a  substance  as 
Irogen  actually  exists.  But  hydrogen,  if  it  be  phlogiston, 
It  constitute  a  component  part  of  every  combustible,  and 
lost  separate  from  the  combustible  in  every  case  of  com- 
tton.  These  were  points  accordingly,  which  Mr  Kirwan 
iertook  to  prove.  If  he  failed,  or  if  the  very  contrary  of 
supposition  holds  in  fact,  his  hypothesis  of  course  fell  to 
ground. 

^voisier  and  his  associates  saw  at  once  the  important  uses  He  refutct 
di  might  be  made  of  Mr  Kirwan's  essay.  By  refuting  an  of  Kirwao. 
lOthesis  which  had  been  embraced  by  the  most  respectable 
mists  in  Europe,  their  cause  would  receive  an  eclat  which 
dd  make  it  irresistible.  Accordingly,  the  essay  was  trans- 
A  into  French,  and  each  of  the  sections  into  which  it  was 
ided  was  accompanied  by  a  refutation.  Four  of  the  sections 
e  refuted  by  Lavoisier,  three  by  Berthollet,  three  by  Four- 
f,  two  by  Morveau,  and  one  by  Monge ;  and,  to  do  the 
Qch  chemists  justice,  never  was  there  a  refutation  more 
plete.  Mr  Kirwan  himself,  with  that  candour  which  dis- 
mshes  superior  minds,  gave  up  his  opinion  as  untenable, 
declared  himself  a  convert  to  the  opinion  of  Lavoisier. 
Ims  Mr  Lavoisier  destroyed  the  existence  of  phlogiston 
^her,  and  established  a  theory  of  combustion  almost  pre- 
ly  similar  to  that  which  had  been  proposed  long  before  by 
Hooke.  The  theory  of  Hooke  is  only  expressed  in  general 
IS ;  that  of  Lavoisier  is  much  more  particular.  The  first 
a  hypothesis  or  fortunate  conjecture,  which  the  infant 
«  of  the  science  did  not  enable  him  to  verify ;  whereas, 
robier  was  led  to  his  conclusions  by  accurate  experiments, 
I  a  train  of  ingenious  and  masterly  deductions. 
According  to  the  theory  of  Lavoisier,  combustion  consists 
two  things :  first,  a  decomposition ;  second,  a  combination. 
^  oxygen  of  the  atmosphere  being  in  the  state  of  gas,  is 
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Chap.  V.  combined  with  beat  and  ligbt.  During  combustion  this  gas 
is  decomposed,  its  beat  and  light  escape,  while  its  base  combmes 
with  the  combustible  and  forms  the  product.  This  product 
is  incombustible;  because  its  base,  being  already  saturated 
with  oxygen,  cannot  combine  with  any  more. 

Lavoisier's       13^  g^j^  i]^q  theory  of  Lavoisicr  was  intended  only  tocx- 

theory  ouly         ^  •'  •'       ^ 

iippiies  to    plain  the  combustion  of  bodies  surrounded  with  atmospherical 

common  ,  _.  ,      ,  ,   - 

oombut-      air  or  oxygen  gas.     it  does  not  apply  in  so  satisfactory  a 
manner,  when  both  the  supporter  and  the  combustible  are  in 
a  solid  state,  and  when  the  product  is  gaseous.     This  is  the 
case  with  gunpowder,  which  is  an  intimate  mixture  of  nitre^ 
charcoal,  and  sulphur.     The  saltpetre  contains  abundance  of 
oxygen  in  a  solid  state.     It  is  the  rapid  union  of  this  oxygeO- 
with  the  charcoal  and  sulphur,  and  the  conversion  of  them  into 
carbonic  acid  and  sulphurous  acid,  which  occasions  the  violeii^ 
combustion  and  explosive  property  of  gunpowder.     Nor  doe^ 
it  explain  the  evolution  of  fire,  when  sulphur  combines  rapidly 
with  copper,  or  phosphorus  with  barytes  or  strontian,  or  lime- 
These,  and  many  other  similar  phenomena,  have  led  moderKB 
chemists  to  the  opinion,  that  combustion  is  a  consequence  (pf^ 
the  rapid  or  sudden  union  of  bodies  with  each  other. 
Combut-  Sir  II.  Davy  (and  his  opinion  has  been  embraced  by  Pn^ — 

ed  to*eiec-    f^ssor  Bcrzelius)  has  gone  a  step  farther,  and  endeavoured  l€^ 
tricity.        explain  the  way  in  which  chemical  affinity  acts  with  sucl* 
energy.   According  to  him,  all  bodies  having  an  affinity  for  eacl> 
other  are  in  different  states  of  electricity,  the  one  plus  and  the 
other  minus.     The  more  intensely  any  body  is  plus  and  another 
minus,  with  the  more  energy  will  they  unite,  and  the  mon* 
violent  will  be  the  phenomena  of  combustion  which  they  will 
exhibit  during  their  union.     Thus  oxygen  is  highly  negativ^i 
and  hydrogen  highly  positive  :  hence  the  energy  with  which 
they  unite,  and  the  great  heat  evolved. 

Wintcrl  and  Oerstedt  went  a  step  farther,  and  endeavoured* 
to  account  for  the  heat  and  the  light  which  appear  when  bodie« 
unite. with  great  energy.  Plus  or  vitreous  electricity,  aH" 
minus  or  resinous  electricity,  in  the  opinion  of  the  mcyority  01 
electricians,  consist  each  of  a  particular  fluid.  These  two 
fluids  have  a  strong  affinity  for  each  other ;  and  when  they 
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w>*tc  they  constitute  (in  the  opinion  of  Winterl  and  Oerstedt)  Ch«p.  vi. 
P^  •  hence  when  a  yitreously  electric  body  unites  with  a 
nsisously  electric  body,  the  two  fluids  combine  as  well  as  the 
wHlies  in  which  they  were  inherent,  and  make  their  escape 
mder  the  form  of  fire. 

"We  shall  not  inquire  how  far  the  two  parts  of  this  hypo- 
tliesis  are  consistent  with  each  other,  or  how  far  the  doctrine 
w  permanent  electric  states  is  consistent  with  the  phenomena 
•f  electricity.  It  will  be  better  to  reserve  all  discussions 
'^•pecting  the  electric  theory  of  chemical  combination  and 
cotnbustion,  till  we  have  taken  a  view  of  the  principal  elec- 
tric fiicts  which  have  been  ascertained ;  which  will  constitute 
^®  Babject  of  the  second  part  of  this  volume. 


CHAPTER  VI. 

OF  THE  NATURE  OF  HEAT. 


^^^ING  made  ourselves  acquainted  with  the  effects  which  heat 
*^^uces  on  bodies,  it  may  be  worth  while  to  make  a  few  ob- 


lations upon  the  opinion  which  this  knowledge  is  calculated 

^duce  us  to  form  respecting  the  nature  of  heat.     Philoso- 

V?^^^  are  at  present  divided  in  their  sentiments  on  this  subject. 

^^*^e  consider  heat  as  a  peculiar  substance,  which  produces 

/^  the  diflTerent  phenomena  which  we  have  described,  by  en- 

^•Hg  into  bodies,  combining  with  them,  or  leaving  them ; 

'^Ue  others  think  that  it  is  a  property  of  matter,  a  motion 

^  ^  particular  kind,  the  nature  of  which,  has  never  been  ex- 

^*^*ioed  in  a  satisfactory  manner. 

luring  the  17th  century,  from  the  time  of  Bacon  to  that  HmtecMi- 
'^^   Newton,  the  latter  of  these  opinions  prevailed,  at  least  in  prop^rt^ 
*^is  coantry,  almost  universally.     During  the  18th  century,  JiJ!^*,^^* 
**^  former  opinion  was  equally  prevalent ;  probably  from  the  »*»>»««"«•• 
L    popularity  of  CuUen  and  Black,  both  of  whom  taught  it  in 
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C^Ml^  VI.  their  lectures.     Since  the  beginning  of  the  present 

some  of  the  most  popular  writers  on  chemistry  in  thii 

have  rcrerted  to  the  old  opinion.     This  was  first 

Count  Rumford,  who  published  some  curious  ex{M 

incompatible,  in  his  opinion,  with  the  notion  that  I 

body.     His   example  was  followed  by   Sir  Humph 

and  Dr  Thomas  Young. 

Hint 4ms        I,  From  the  most  careful  experiments  that  it  has  I 

iIm  v«if  bt.  sible  to  make,  it  may  lie  concluded  that  no  accumu 

heat  in  bodies  produces  any  alteration  whatever  in  theii 

Dr  Fordyce,  indeed,  drew,  as  a  conclusion  from  ar 

ment  of  his,  that  when  water  is  frozen  into  ice  it  bcro 

sibly  heavier  ;*  but  Count  Rumford,  on  repeating  tl 

riment,  found  no  sensible  difference  in  the  weight  o 

and  water.     Wc  may  therefore  conclude,  that  the  > 

increase  of  weight  obser^'cd  by  Dr  Fordyce  was  owir 

condensation  of  aqueous  va]>ours  upon  the  surface  of ' 

vessel  containing  the  frozen  water.f     Lavoisier  had 

come  to  the  same  conclusion  from  his  experiments,  wh 

to  have  been  made  with  the  most  scrupulous  attenti< 

curacy. — It  cannot  be  shown  then  that  heat,  supp« 

peculiar  substance,  possesses  graviiation. 

Fint  UirM      2.  The  first  three  of  the  effects  of  heat  are  best  t 

r«|U»iii^    by  considering  heat  as  a  mbtiamx ;  indeed,  it  is  di 

Mi^tilo'^  form  any  clear  conceptions  of  them  upon  any  other  sup 


ttwc  ic  Is  A  If  ti^ni  \^  n  peculiar  substance  there  is  no  difficult; 
ceiving  how,  by  its  entering  into  bodies,  it  incn*ases  tl: 
and  how  the  bulk  diminishes  when  it  is  withdrawn, 
no  difficulty  in  conceiving  how  more  heat  may  Im»  n*« 
produce  a  given  effect  up«)n  one  liody  than  upon  an* 
why  the  specific  heat  of  different  bodies  is  differeni 
supposition  that  heat  is  a  body ;  though  if  heat  w^ 
motion,  neither  the  pro|>erty  wliich  it  has  to  ex|uuu 
nor  the  different  ca|>aoity  of  iKnlies  for  heat,  could  be  t 
in  a  satisfactorv  manner.  The  radiation  of  heat  ado 
equally  simple  explanation,  if  heat  l»e  a  body,  and  so  d 
and  evaporation. 

*  1%!.  Tnin».  I7HJ.  |i.  3<>1.  t  Ibid.  17W».  p.  1 
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4^08  these  three  effects  of  beat  would  lead  us  to  consider  Chap.  vi. 
"^t  as  a  peculiar  kind  of  body.     Accordingly  this  is  the 
^nion  which  all  those  persons  haye  adopted  who  have  turned 
't^  chief  attention  to  expansion,  specific  heat,  radiation, 
'oidity,  and  evaporation. 

3,  But  ignition  and  combustion  do  not  admit  of  so  easy  an  The  last 
explanation,  if  we  admit  heat  to  be  a  body.     We  cannot  give  a  property. 
*>K  intelligible  explanation  of  ignition  without  admitting  that 
beat  and  light  are  mutually  convertible  into  each  other.     But 
u  tldfl  mutual  convertibility  were  admitted,  there  is  nothing  in 
^Qe  phenomena  of  ignition  incompatible  with  the  notion  that 
^^mi  is  a  substance. 

But  no  satisfactory  explanation  of  the  evolution  of  heat  and 

^S*^  during  every  case  of  combustion,  has  yet  been  given, 

^^>wing  from  the  opinion  that  heat  is  a  peculiar  substance. 

^  would  be  much  easier  to  explain  it,  if  we  were  permitted  to 

nsider  heat  rather  as  a  property  of  matter  than  as  a  sub- 

nd  generis.     We  might  then  assign  a  reason  why  it 

uoold  make  its  appearance  in  all  cases  of  rapid  combination, 

*^  never  in  any  other  case.     The  explanation  that  the  fire 

^'^^Ired  during  combustion,  is  merely  a  union  of  the  plus  and 

v^Snus  electricity,  with  which  the  bodies  combining  together 

charged,  appears  at  first  sight  plausible ;  but  it  will  not 

a  rigid  examination ;  for  it  is  incompatible  with  the  very 

"jrpothesis  from  which  it  professes  to  flow.     For  if  chemical 

•ftdty  be  merely  the  consequence  of  different  states  of  elec- 

^'^ty,  and  if  bodies  unite  merely  because  they  are  in  different 

^^ctrical  states,  it  is  clear  that  they  could  not  continue  united 

^"^ess  these  different  electrical  states  were  permanent.     But 

^  the  plus  and  minus  electricity  were  to  combine  and  fly  off 

^''^der  the  form  of  fire,  there  would  be  an  end  of  the  different 

^^trical  states  which  caused  the  bodies  to  unite,  and,  of 

^^^iiTse,  they  would  cease  to  continue  united,  which  is  contrary 

^  matter  of  fact. 

The  phenomena  of  combustion,  then,  accord  better  with  the 

^^ioQ  that  heat  is  a  mere  property  of  matter,  while  the  other 

^^cts  of  heat  agree  better  with  the  opinion  that  it  is  a  body. 

^^ither  supposition  will  enable  us  to  explain  all  the  pheno« 
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Chap.  VI.  mena.  I  think,  therefore,  that  it  will  be  safest  for  us,  m  the 
present  state  of  our  knowledge,  to  acknowledge  our  inability 
to  solve  this  difficult  problem,  and  to  confess  that  we  are  in- 
competent to  decide  whether  it  be  a  substance  or  a  quality. 

Whether         4.  But  Sir  Humphry  Davy  and  Count  Rumfordhayenuil^ 

meiia  of  ^  experiments,  which  they  think  incompatible  with  the  opiniat^ 

^*b"ln  that  heat  is  a  body. 

he  incompa-      Davv  found  that  a  thin  metallic  plate  was  heated  by  frictiao 

tible  with     .       ,       "^  ,  ,  .  1.  .  11 

heat  being  in  the  cxhaustcd  receiver  of  an  air-pump,  even  when  the  apps" 
^'       ratus  was  insulated  from  bodies  capable  of  supplying  heat  by 
being  placed  on  ice.     He  found  also  that  by  rubbing  two  pieoeis 
of  ice  together  so  much  heat  is  evolved  that  the  ice  melts. 

Count  Rumford  took  a  cannon  cast  solid  and  rough  as  it 
came  from  the  foundery ;  he  caused  its  extremity  to  be  cut  off* 
and  formed,  in  that  part,  a  solid  cylinder  attached  to  th^ 
cannon  7|  inches  in  diameter,  and  9j^  inches  long.  It  re-* 
mained  joined  to  the  rest  of  the  metal  by  a  small  cylindric^ 
neck.  In  this  cylinder,  a  hole  was  bored  3*7  inches  in  dim-* 
meter,  and  7'2  inches  in  length.  Into  this  hole  was  pot  * 
blunt  steel  borer,  which  by  means  of  horses,  was  made  to  nil' 
against  its  bottom ;  at  the  same  time  a  small  hole  was  mad^ 
in  the  cylinder  perpendicular  to  the  bore,  and  ending  in  tb« 
solid  part  a  little  beyond  the  end  of  the  bore.  This  was  for 
introducing  a  thermometer  to  measure  the  heat  of  the  cylinder. 
The  cylinder  was  wrapt  round  with  flannel  to  keep  in  tbe 
heat.  The  borer  pressed  against  the  bottom  of  the  hole  idtb 
a  force  equal  to  about  10,000  lbs.  avoirdupois,  and  the  cylin- 
der was  turned  round  at  the  rate  of  32  times  in  a  minotc» 
At  the  beginning  of  the  experiment,  the  temperature  of  the 
cylinder  was  GO® ;  at  the  end  of  30  minutes,  when  it  had  made 
960  revolutions,  its  temperature  was  130°.  The  quantity  of 
metallic  dust  or  scales  produced  by  this  friction  amounted  *^ 
837  grains. 

To  make  this  experiment  more  striking.  Count  Rumfon* 
contrived  to  enclose  the  cylinder  above  described  in  a  wooden 
box  filled  with  water,  which  efiectually  excluded  all  air,  as  io€ 
cylinder  itself  and  the  borer  were  surrounded  with  water,  sn^ 
at  the  same  time  did  not  impede  the  motion  of  the  instruineDt- 
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The  quantity  of  water  amounted  to  I8*771b8.  avoirdupois,  and  Chap.  vr. 

•t  the  beginning  of  the  experiment  was  at  the  temperature  of 

W*.   After  the  cylinder  had  revolved  for  an  hour  at  the  rate 

«  32  times  in  a  minute,  the  temperature  of  the  water  was 

1*7**;  in  30  minutes  more  it  was  ITS©  ;  and  in  two  hours  and 

^  minutes  after  the  experiment  began,  the  water  actually 

wilei    According  to  the  computation  of  Count  Rumford, 

fc  heat  produced  would  have  been  sufficient  to  heat  26*58lbs- 

•^oirdupois,  of  ice-cold  water  boiling  hot ;  and  it  would  have 

''^({lured  nine  wax  candles  of  a  moderate  size,  burning  with  a 

^i^ar  flame  all  the  time  the  experiment  lasted,  to  have  pro- 

■Qced  as  much  heat.     In  this  experiment  all  access  of  water 

^to  the  hole  of  the  cylinder  where  the  friction  took  place  was 

^ftrented.     But  in  another  experiment,  the  result  of  which 

*5M  precisely  the  same,  the  water  was  allowed  free  access.* 

The  experiments  of  Rumford  were  repeated  and  diversified 

y    M.  Haldot.     He  contrived  an  apparatus  by  which  two 

'Odies  could  be  pressed  against  each  other  by  means  of  a 

p^ing,  while  one  of  them  turned  round  with  the  velocity  of 

B  inches  per  second.     The  friction  took  place  in  a  strong 

containing  216  cubic  inches  of  water.     The  results  ob- 

■Killed  so  nearly  resemble  those  of  Count  Rumford,  that  it  is 

Kttnecessary  to  enter  into  particular  details.     The  rubber  was 

When  the  metal  rubbed  was  zinc,  the  heat  evolved  was 

;  brass  and  lead  afforded  equal  heat,  but  less  than 

;  tin  produced  only  |ths  of  the  heat  evolved  during  the 

Miction  of  lead.     When  the  pressure  was  quadrupled,  the 

■••It  evolved  became  seven  times  greater  than  before.     When 

^k  rubber  was  rough,  it  produced  but  half  as  much  heat  as 

'^lieQ  smooth.     When  the  apparatus  was  surrounded  by  bad 

•w^ctors  of  heat,  or  by  non-conductors  of  electricity,  the 

V^ntity  of  heat  evolved  was  diminished.f 

i       to'  these  experiments,  it  is  contended  by  Davy  and  Rum- 

^^  that  no  source  of  this  enormous  quantity  of  heat  can  be 

•P^ted  out.     It  cannot  be  supposed  to  be  absorbed  from  the 

*^hbouring  bodies ;  nor  can  it  be  derived  from  the  bodies 

*  Nkbdson'fl  Jour.  ii.  106.  t  Ibid.  xzvi.  30. 
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ciwp.  VI.  themselves,  without  supposing  the  quantity  of  heat  which  the  j 
contain  to  be  infinitely  great. 

I  am  disposed  to  think  that  a  part  at  least,  if  not  the  wholes 
of  the  heat  evolved  in  Count  Rumford's  experiments,  proceeded 
from  an  augmentation  of  density,  and  a  consequent  diminutioo 
of  specific  heat  in  the  metallic  cylinder  subjected  to  friction. 
There  can  be  little  doubt  at  least,  that  the  quantity  of  heat 
produced  depends  in  some  measure  upon  the  size  of  the  cyHo- 
der.  For  surely  it  will  not  be  contended,  that  it  would  be 
equally  great  when  a  very  small  cylinder  is  used  as  when  » 
great  one  is  employed. 

^  roonion  Bcrthollet,  Pictet,  and  Biot,  have  made  a  set  of  experi- 
ments, to  ascertain  the  quantity  of  heat  evolved  when  duclOe 
metals  are  suddenly  struck  forcibly,  as  when  they  are  stamped 
in  the  process  of  coining.  The  experiments  were  made  upoD 
pieces  of  gold,  silver,  and  copper,  of  the  same  size  and  shape, 
and  care  was  taken  that  all  the  parts  of  the  apparatus  had  ac- 
quired the  same  temperature  before  the  experiments  begaa* 
Copper  evolved  most  heat,  silver  was  next  in  order,  and  gold 
evolved  the  least.  The  first  blow  evolved  the  most  heat,  and 
it  diminished  gradually,  and  after  the  third  blow  was  hardlf 
perceptible.  The  heat  acquired  was  estimated  by  tbrowiog 
the  piece  of  metal  struck  into  a  quantity  of  water,  and  asoe^ 
taining  the  change  of  temperature  which  the  water  unde^ 
went.  The  following  table  exhibits  the  increase  of  tempera- 
ture, experienced  by  two  pieces  of  copper  by  three  succeenve 
blows : — 

Ist  Blow 
2d  Blow 
3d  Blow 

The  whole  quantity  of  heat  evolved  by  each  of  these  pieoea 
of  copper  is  nearly  the  same ;  that  from  the  first  piece  bong 
26^*64,  and  that  from  the  second  25o-95. 

The  following  table  exhibits  the  heat  evolved  from  two 
pieces  of  silver  treated  in  the  same  way : — 


Ist  Piece    . 

170-44 

2d  Piece    . 

20*80 

1st  Piece    . 

7-30 

2d  Piece    . 

3-69 

1st  Piece    . 

1-90 

2d  Piece    . 

1-46 
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C  Ut  Piee 
I2d  Plec 
f  !«  Piec 
i2A  Piec 

cistr 

{■id  F 


Total  pvoWeil  from  the  Ist  Piece  . 
Dittu  from  the  2d  .         ■         ■ 


SB5 
2-14 

2-76 
2'02 


*The  ch&n^  in  specific  gravity  which  the  metals  underwent, 
^^  found  to  be  praportional  to  the  heat  thus  evolved,  as  ap- 
-j»  from  the  following  table,  deduced  from  their  experi- 
:i]ts :  the  specific  gravities  were  taken  at  the  temperature 


^6•■5  :_ 

,   Specific  ^avitj  of  gold 
Ditto  aniiealeil   . 
Ditto  struck 
Specific  gravity  of  silver 
Ditto  oliDenled  . 
Ditto  struck 

Spei^ific  gravity  of  copper 
Ditto  struck 
Ditto  struck  n  second  timt 


19-2357 
19-2240 
19-2497 
10-4667 
10-4465 
10-4838 


8-9081 


I  these  experiments  it  is  obvious,  that  the  heat  evolved 
0  nt^tBls  are  stnick  is  ovnng  to  the  condensation,  and  pro- 

II  to  the  condensation :  hence,  when  they  can  no  longer 
>Dden»cd,  they  cease  to  evolve  heat.  These  philoaophers 
Tved,  during  tbeir  experiments,  that  heat  or  cold  is  pro> 

[ated  much  more  rapidly,  from  one  piece  of  metal  to  another, 
they  are  struck,  than  when  they  are  umply  placed  in 
ict." 

B  can  be  little  doubt  that  friction  occasions  an  increase 
iQsity  as  well  as  bamifiering.     But  this  increase  must  he 
1  to  the  solid  portion,  and  not  exist  in  the  scales  or  dust 
1  off,  which  alone   Count  Kumford  examined.     Thus 


d'ArcueiU  ii.  p.  t4l. 
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c>»p»  vi»  the  experiments  of  Rumford  and  Davy,  though  they  admit  of 
an  easier  explanation  if  we  were  to  consider  heat  as  a  mere 
property  of  matter,  do  not  furnish  the  demonstration  of  the 
immateriality  of  heat  which  these  philosophers  thought  they 
did. 
Mathe-  Two  mathematical  theories  of  heat  have  made  their  appear- 

theories  of  ance  during  the  last  25  years.     The  first  by  Fourier,  entitled 
****  Theorie  Analytique  de  la  Chaleur^  was  partly  laid  before  the 

French  Institute  in  1807,  and  partly  the  subject  of  a  prize 
offered  by  the  Institute  in  1812.  It  was  published  in  a 
separate  form  in  1822.  The  second,  entitled  Theorie  Maihe^ 
matique  de  la  Chaleur,  was  published  by  Poisson,  in  1833. 
Neither  of  these  eminent  mathematicians  attempt  to  settle  the 
question  respecting  the  nature  of  heat ;  but  investigate  the 
mathematical  laws  of  the  radiation  of  heat,  and  of  its  conduc- 
tion through  various  bodies.  Fourier,  from  the  well  known 
fact  that  the  temperature  increases  as  we  descend  into  the 
earth,  admits  the  existence  of  a  central  heat.  From  the  exist- 
ence of  animal  and  vegetable  remains  in  the  frigid  zone,  similar 
to  those  at  present  confined  to  the  torrid  zone,  he  infers  that  the 
temperature  of  the  earth  has  sunk  considerably,  at  least  in  high 
latitudes.  But  he  demonstrates,  contrary  to  the  opinion  of 
Bufibn,  that  its  cooling  has  now  reached  its  maximum.  For 
he  shows  that  the  temperature  of  the  surface  is  entirely  re- 
gulated by  the  sun ;  and  that  the  present  efiect  of  a  central 
fire,  supposing  it  to  exist,  can  only  be  at  the  utmost,  to 
increase  the  temperature  of  the  surface  by  one-thirtieth  of  a 
centesimal  degree.  He  shows  also  that  the  temperature  of  the 
celestial  spaces  can  nowhere  be  less  than  50  or  60  centigrade 
degrees  below  zero. 

M.  Poisson,  from  a  variety  of  arguments  which  seem,  to  me 
at  least,  decisive,  has  rejected  the  idea  of  a  central  heat  altoge* 
ther,  and  has  endeavoured  to  account  for  the  increasing  tem- 
perature as  we  descend  towards  the  centre  of  the  earth,  by  sup- 
posing that  the  sun  with  its  attendant  planets  is  moving  through 
space,  that  space  contains  an  alternate  warm  and  cold  portion, 
that  while  moving  through  a  warm  portion  of  space  the  sor- 
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face  of  the  earth  becomes  hottest,  and  the  temperature  sinks  Chap,  vi. 
as  we  penetrate  towards  the  centre,  that  the  contrary  happens 
when  the  solar  system  is  moving  through  a  cold  portion  of 
space,  which  is  the  case  at  present.  This  hypothesis  is  yery 
bold,  and  in  the  actual  state  of  our  knowledge  is  not  suscepti- 
ble of  proof.  Should  a  period  arriye  in  the  eourse  of  ages, 
when  the  temperature  becomes  stationary,  or  begins  to  sink  as 
we  penetrate  into  the  earth,  data  will  then  be  obtained  for 
verifying  or  refuting  this  hypothesis. 


PART  IL-OF  ELECTRICITY. 


£lkctricity,  which  occupies  so  conspicuous  a  place  in  modern    Part  li. 
science,  was  nearly  unknown  to  the  sages  of  antiquity,  and 
€S9ai  scarcely  be  said  to  have  commenced  as  a  science  till  after 
the  beginning  of  the  18th  century. 

The  ancients  were  aware  that  amber  when  rubbed  acquires 
the  property  of  attracting  light  bodies  to  it.*  Theophrastus, 
8p<;aking  of  the  lyncurium  stotiey  observes,  that  it  has  an  attrac- 
tive power  like  that  of  amber,  and  that  it  is  said  not  only  to 
attract  straws  and  small  pieces  of  sticks,  but  eyen  copper  and 
iron,  if  they  be  beaten  into  thin  pieces.f  These  two  facts  con- 
stitute almost  every  thing  respecting  electricity  known  to  the 
ancients. 

Dr  Gilbert  greatly  multiplied  the  number  of  substances 
vhich  are  capable  of  acquiring  electrical  properties.  Mr 
Bojle  made  some  attempts  to  explain  the  phenomena  of  electri- 
city known  in  his  time,  upon  mechanical  principles.}  Haukes- 
bee  first  attended  to  the  light  emitted  by  excited  bodies.§   And 

*  Pliny  says,  **  Caeterum  attritu  digitorum  accepta  vi  caloris  (suceina) 
attrahant  in  se  paleas  et  folia  arida,  ut  magnes  lapis  ferrum,"  Lib.  xzxvii. 
c.  3.  But  amber  seems  not  to  have  been  distinguished  by  the  ancients 
fiooi  some  other  transparent  resins.  Pliny  informs  us  that  it  grows  in 
Incfiaf  and  that  Archelaus,  king  of  Cappadocia»  had  specimens  of  it  adher- 
ing to  the  bark  of  trees. 

f  Tc  Av/s«^f«f  tXxu  ym^  mt*"!^  t«  sXi»r^«y*  m  }i  ^m^tf  iv  /M«y«y  **(fl  *^  |vX«y, 
JkXXm  mmi  ^mXxif  »ii  fSin^at,   icy  ti  Xiirr»s.    «r«^  »m  ^»»knf   iktytf,      Theo- 

phrast.  «^  ratf  Xt$M9j  sect.  1.  There  are  very  strong  reasons  for  believing 
that  the  lyncurium  of  the  ancients  is  the  same  mineral  with  the  tourmalin 
4>f  modem  mineralogists.     See  Watson,  Phil.  Trans.  1759,  p.  394. 

%  See  Shaw*8  Boyle»  i.  506. 

§  Dr  Wall  first  concluded  from  experiment  that  all  electric  bodies  be- 
luimnous  when  rubbed.     Phil.  Trans.  1708,  vol.  xivi.  p.  69. 
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Pfcrtll.    his  apparatus  for  excitiDg  electricity  probably  led  the  way  to 
DitcoTcries  the  electrical  machine.*     But  it  was  Mr  Stephen  Gray  who 
^'     laid  the  true  foundation  of  electricity,  as  a  science,  in  the  im- 
portant papers  inserted  by  him  in  the  Philosophical  Transact 
turns  between  the  years  1 720  and  1 736.   He  found  that  certain 
bodies  can  be  excited  by  friction,  and  others  not*     This  led 
him  to  diyidc  bodies  into  two  sets,  viz.  electrics  and  non-^edrics. 
He  ascertained  that  non-electrics  may  be  excited  by  being 
brought  into  the  neighbourhood  of  excited  electrics.     Finally, 
he  discovered  that  electricity  passes  with  ease  through  any 
length  of  non- electrical  bodies;  but  not  through  electrics. 
This  induced  him  to  call  the  former  conductors^  and  the  lattar 
non^-conductors  of  electricity. 
gj[  ^^  In  the  year  1 733,  M.  du  Fay,  of  the  French  Academy  of 

Sciences,  began  his  electrical  career.  He  published  in  sue* 
cession  eight  Memoirs  on  Electricity^  equally  remarkable  for 
candour  and  scientific  acumen.  To  him  we  are  indebted  for 
three  important  discoveries.  1 .  He  found  that  conductors  may 
be  excited  by  friction,  as  well  as  non-conductors,  provided  we 
take  the  precaution  to  insulatef  them  before  we  begin  to  rob. 
It  was  from  not  attending  to  this  necessary  precaution  that  Mr 
Gray  had  failed  in  exciting  these  bodies.  2.  Electrical  bodies, 
when  excited,  attract  those  that  are  not  excited,  communicate 
electricity  to  them,  and  repel  them.  3.  There  are  two  kinds  of 
electricity,  the  vitreous  and  the  resinous.  The  first  ia  pro* 
duoed  when  we  rub  smooth  glass  with  a  woollen  cloth,  or  with 
hair ;  the  second  when  we  rub  amber y  sealing-wax^  or  gum  lac. 
Bodies  having  the  same  kind  of  electricity  repely  those  having 
different  electricities  attract  each  other.  The  reason  why 
excited  bodies  attract  light  substances  to  themselves,  is,  that 
they  produce  in  them  the  contrary  electricity  frojn  that  which 
they  themselves  possess :  hence  they  are  attracted  in  cons^ 
quence  of  the  general  law  that  bodies  having  the  opposite 

*  Phygico-Mecluinical  Experiments  on  various  subjects.  Containing  an 
account  of  several  surprising  phenomena  touching  light  and  electricity  fprO' 
ducible  on  the  attrition  of  bodies,  8fc,  1709. 

f  By  insulation  is  meant  surrounding  a  body  viith  non-conductor^  lo 
that  no  conductors  shall  be  in  contact  with  it. 


electricities  attract  each  other.    The  last  of  M.  <lu  Fay's  papers  J 
on  electricity  appeared  in  the  Memoircs  de  t Academe  for 
U37<     He  died  of  the  sraall-pox  in  1739,  at  the  early  age 

r  In  tile  year  1746  a  discovery  was  made  by  Mr  Cuneus,  in  ^ 
tapany  with  Messrs  Muschenbroeck  and  AllamaoJ,  which  'i' 

ncted  the  attention  of  the  whole  civilized  world,  and  gave 
IJofa  an  eclat  to  electricity,  that  it  for  many  years  drew  to 
keif  almost  the  exclusive  attention  of  men  of  science.  Ob- 
rring  that  electrified  bodies,  when  exposed  to  the  common 
Dsphcrei  soon  lost  their  electricity,  and  were  capalile  of 
kining  but  a  small  quantity,  these  gentlemen  imagined  that  if 
feexcited  body  were  terminated  on  all  sides  by  electrics,  it  might 
■  capable  of  receiving  a  stronger  power,  and  retuning  it  a 
ger  time.  A  gun-barrel  was  suspended  on  silken  strings, 
■ring  one  of  its  ends  very  near  a  glass  globe,  which  was 
rned  rapidly,  while  electririty  was  excited  in  it  by  friction 
li  the  hands.  A  wire  was  bung  from  the  other  extremity 
Ithe  gun  barrel,  which  dipped  into  a  beer  glass  full  of  water, 
I  held  in  the  hands  of  one  of  the  gentlemen.  After  the 
e  had  been  driven  for  some  time,  the  gentleman  who  held 
■  beer  glass  approached  his  finger  to  the  gun-barrel  to  draw 
\  from  it.  The  consequence  was  a  shock,  differing  in 
Besce  according  to  the  length  of  time  that  the  giobe  had 
n  turned.  Sometimes  it  affected  only  the  arms  as  far  aa 
\  elbow,  sometimes  to  the  shoulders;  and  sometimes  tho 
win  body  was  affected. "  Such  was  the  origin  of  the  Leyden 
I  experiment,  which  within  a  few  months  was  publicly 
nibited  for  money  in  London  and  Pari:^,  and  all  the  pnn- 
I  ettics  of  Europe,  This  famous  experiment  was  imnie- 
Mely  repeated  in  Paris  hy  the  Abbe  NoUet,  and  by  M. 
nonnier,  and  in  London  by  Dr  Watson.  But  it  was  Dr 
mklia  who  first  explained  it  in  a  satisfactory  manner, 
r  Franklin  first  presented  bintaelf  to  the  scientific  world,  " 
M  nn  experimenter  on  electricity,  iu  1747.  But  his  Experi- 
mrtttt  and  Ohgcrvatioiis  on  Elrctrkity,  made  at  Philadelphia  in 


•  H«t,  do  rAondpniic,  17<6,  p.  1- 
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F^rt  H.  America^  were  not  published  till  the  year  1 754.  This  publica- 
tion  forms  a  remarkable  era  in  the  history  of  electricity.  It 
was  translated  into  almost  every  European  language,  and  the 
opinions  which  it  contained,  were  almost  universally  adopted. 
Dr  Franklin  conceived  that  only  one  electric  fluid  existed, — 
and  that  all  the  phenomena  of  electricity  were  occasioned  either 
by  its  accumulating  in  bodies,  in  more  than  its  natural  quantity, 
or  by  its  being  withdrawn  from  bodies  so  as  to  leave  in  them 
less  than  the  usual  quantity.  When  a  body  contains  its  natural 
quantity  of  electricity,  it  exhibits  no  electrical  phenomena 
whatever.  When  electricity  accumulates  in  it,  the  phenomena 
of  the  vitreous  electricity  of  Du  Fay  are  exhibited.  When 
electricity  is  deficient,  we  perceive  in  it  the  phenomena  of  the 
resinous  electricity  of  Du  Fay :  hence  Dr  Franklin  substituted 
for  vitreous  and  resinous^  the  terms  positive  and  negativtj  or  plus 
and  minus  electricity.* 

Besides  this  theory,  which  was  probably  the  cause  of  the 
immediate  celebrity  of  Dr  Franklin,  electricity  is  indebted  ta 
him  for  three  capital  discoveries,  upon  which  his  reputation  as 
an  electrician  will  finally  rest.     1 .  Electricity  is  dissipated  at 
a  great  rate  by  points,  so  that  it  is  impossible  to  accumulate 
it  in  pointed  bodies.     This  led  to  the  thunder  rod  as  a  security 
for  buildings.     2.    The  second  and  great  discovery  of  Dr 
Franklin  was  that  lightning  and  thunder  are  occasioned  by  tbe 
accumulation  of  electricity  in  the  atmosphere;  or,  in  other 
words,  that  lightning  is  the  same  thing  with  electricity.     This 
he  proved  by  drawing  lightning  from  the  heavens,  and  showinp 
that  it  possessed  all  the  characters  of  common  electricity.    3. 
His  third  discovery  was  the  analysis  of  the  Leyden  phial,  which 
contributed  more  than  any  thing  else,  to  establish  his  peculitf 
theory  of  electricity. 

*  I  shall  employ  in  the  ensuing  treatise  the  terms  positive  tnd  ne^^ 
electricity  to  denote  the  two  electricities  discovered  by  Du  Fay.  But  1 
do  not  adopt  the  hypothesis  of  Franklin,  that  only  one  electric  fluid eziits* 
The  phenomena  do  not  seem  explicable  on  any  other  supposition  than  tK 
existence  of  two  electric  fluids.  But  the  terms  positive  and  negative  ap- 
plied to  these  two  merely  as  proper  names  are  more  conTenient  w^  ^ 
objectionable  than  the  terms  vitreous  and  resinous  applied  to  them  by  tbc 
French  electricians. 


^^B)r  Franklin's  theory  was  exhibited  in  a  mathematical  dresa  _P"t  li. 
^H  yEpiaus  in  1759,' and  by  Mr  Cavendish  in  177I.t  They 
^^U  down  tlie  liypothesls,  and  deduced  the  mathematical  con- 
^^Buencea  from  it.  These  consequences,  provided  we  admit 
^^B  truth  of  certain  suppositions  which  j^plnus  was  obliged  to 
^^pkC)  flow  directly  from  the  theory. 

^Hjln  the  year  1 779,  a  highly  important  work  on  electricity  was  Of  Urd 
^^BUisheil  by  Lord  Mah on,  afterwards  Karl  of  Stanhope-t  In 
^Hp  wtirk  the  author  enters  at  great  length  into  the  nature  of 
^Hpit  are  called  Electric  Atmoipherrs.  The  term,  I  believe, 
^^■1  iotroduced  by  Dr  Franklin,  though  his  notions  on  the  sub- 
^HM  want  that  precision  which  usually  characterises  bis  ideas. 
^^K  Canton  demonstrated  that  the  air  In  the  neighbourhood  of 
^^■barged  conductor,  or  an  excited  body,  gradually  acquires 
^^B  same  kind  of  electricity  with  which  the  body  itself  is 
^^Brged :  so  that  the  air  round  an  escited  body,  to  some  un- 
^^bwn  distance,  is  in  the  same  state  of  electricity  with  the 
^^B^  itself.  The  greater  the  size  of  the  excited  body,  and  the 
^^Ke  electricity  which  it  contains,  the  greater  will  be  the  dis- 
^^■M  to  which  the  surrounding  air  will  be  possessed  of  the 
^^■K  kind  of  electricity.  Now  it  is  this  portion  of  surrounding 
^^H  which  has  been  called  an  electric  atmotphere. 
^^KtOrd  Stanhope  demonstrated  by  very  beautiful  and  deciuve 
^^Beriments,  that  the  quantity  of  electricity  in  this  electric 
^^bospbere  diminishes  inversely  as  the  square  of  the  distance 
^^■n  the  electrified  body  :  hence  the  reason  why  the  electrU 
^^■'■tmoBphere  cannot  possess  any  sensible  electric  properties, 
^^nny  conuderable  distance  irom  the  electric  body.  It  was 
^Bts  investigation  that  led  Lord  Stanhope  to  the  important 
discovery  of  the  returning  stroke. 

The  nest  series  of  discoveries  on  electricity  was  made  by  of  Coa- 
.  Coulomb,  and  published  by  him  in  four  Memoirs  inserted 
I  Memoires  de  C  Academic  de  Paris  for  the  years  1 785  and 

^  TVafimfli  thcoruE  eltclricitati*  el  magneliimi. 
I.  Tr«>i».  1771,  p.  584. 

t  of  Ehclrieily,  containing  diiitn  new  theoTeme  and  expert- 

r  teilh  an  annfyiit  of  the  superior  advanlaget  of  high  and    ^^^^ 
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Part  If.  1786.  M.  Coulomb  had  constructed  a  very  delicate  electri- 
cal balance,  which  measured  the  attractive  and  repulsive  forces 
by  the  tortion  of  a  very  fine  wire.  By  means  of  this  balance 
he  made  three  capital  discoveries,  which  constitute  in  fiict  tfae 
first  principles  of  all  electrical  theory.  1 .  The  attractions  and 
repulsions  of  electrical  bodies  vary  inversely  as  the  square  of 
their  distances.  So  that  these  forces  vary  precisely  in  tlie 
same  ratio  as  gravitation  does.  2.  When  insulated  bodies  are 
charged  with  electricity,  they  do  not  retain  their  elcctricitj, 
but  gradually  lose  it.  This  is  partly  owing  to  the  surroimd- 
ing  atmosphere,  which  never  being  absolutely  free  from  con- 
ducting particles,  these  particles  gradually  get  possesskm  of 
the  electricity  and  carry  it  ofi^.  It  is  partly  owing  also  to  the 
electric  bodies,  which  serve  as  insulators.  There  is  probaUj 
no  substance  absolutely  impervious  to  electricity ;  though  soiae 
are  more  and  some  less  so :  hence  the  electricity  gradually 
passes  ofi^  along  the  insulating  body.  Coulomb  determined 
the  efiect  of  both  of  these  causes,  from  which  the  electridtjii 
carried  ofi^  from  an  excited  body,  and  thus  put  it  in  the  power 
of  electricians  to  calculate  how  much  electricity  an  insulated 
body  loses  in  a  given  time.  Such  a  calculation  become 
necessary  when  we  wish  to  compare  the  forces  of  electrical 
bodies  at  difierent  distances ;  for  these  comparisons  being 
made  in  succession,  could  not  lead  to  accurate  results  unless 
we  ascertain  and  allow  for  the  electricity  lost  during  the  course 
of  the  experiment.  3.  Coulomb  showed  that  when  electricity 
was  accumulated  in  any  body,  the  whole  of  it  is  deposited  on 
the  surface,  and  none  of  it  penetrates  into  the  interior.  ^^ 
that  a  hollow  sphere,  however  thin  its  walls  be,  may  be  charged 
with  just  as  much  electricity  as  a  solid  metallic  sphere  of  the 
same  diameter.  It  was  obvious  from  this  that  electricity  was 
not  accumulated  in  bodies,  in  consequence  of  any  aflinity  which 
it  has  for  them ;  but  solely  in  consequence  of  its  repulsi^® 
action. 

Electricity,  towards  the  end  of  the  18th  century,  had  ceased 
to  attract  the  undivided  attention  of  men  of  science,  as  it  bad 
done  for  a  considerable,  time  in  consequence  of  the  discorciy 
of  the  Ley  den  phial.     The  rapid  advances  of  chemistry*  ^ 
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the  interesting  facts  successively  brought  to  light  respecting    P*^*^^' 
gaseous  bodies,  had  made  the  study  of  chemistry  the  favourite 
^th  men  of  science,  and  had  drawn  to  it  a  very  great  propor- 
tion of  the  most  successful  cultivators  of  science  in  Europe. 
A  new  discovery  in  electricity  was  necessary  to  revive  the 
declining  popularity  of  that  once  favourite  science.     This  dis- 
covery was  made  about  the  year   1800,  by  M.  Volta,  who 
>Qpplied  electricians  with  a  new  apparatus,  destined  not  merely 
to  throw  a  new  light  upon  electricity,  but,  in  the  hands  of  Sir 
Romphry  Davy,  to  form  a  new  era  in  chemistry  by  making 
08  acquainted  with  the  composition  of  the  fixed  alkalies  and 
^■rths. 

The  discovery  of  Volta  was  owing  to  a  set  of  experiments 

''^e  by  M.  Louis  Galvani,  professor  of  anatomy  in  Bologna, 

*l^t  the  year  1790.     Galvani  had  dissected  a  frog,  and  had 

'^  the  hind  legs,  deprived  of  their  skin,  and  with  the  crural 

'^'Ve  laid  bare,  upon  a  table,  very  near  the  prime  conductor 

^  an  electrical  machine.     One  of  his  assistants  accidentally 

^Ught  the  point  of  a  scalpel  near  the  crural  nerve,  while 

•"Hither  was  drawing  sparks  from  the  conductor.  He  observed 

^*^t  every  time  that  a  spark  was  drawn,  while  the  scalpel  was 

***  that  position,  the  muscles  of  the  leg  were  thrown  into  violent 

^^^Tulsions.     Galvani  was  informed  of  this  unexpected  effect. 

'He  immediately  repeated  the  experiment,  and  satisfied  himself 

^^t  every  time  that  a  spark  passed  from  the  conductor,  while 

***e  scalpel  approached  the  crural  nerve,  a  violent  convulsion 

^  the  muscles  of  the  limb  took  place.* 

Astonished  at  this  effect  he  made  a  vast  number  of  experi- 

^^^^nts,  and  found  that  when  a  piece  of  metal  in  contact  with 

***^  muscles  of  the  leg  is  made  to  touch  the  crural  nerve,  con- 

^^^ions  ensue;  and  that  these  convulsions  are  more  violent  if 

*^c  different  metals  (silver  and  copper  for  example),  one  in  con- 

*^ct  with  the  muscles  and  the  other  with  the  nerve,  be  made 

^^  touch  each  other.   He  drew,  as  an  ultimate  conclusion,  that 

^  peculiar  kind  of  electricity  (the  nervous  fluid  of  anatomists,) 

*  Galvaiii'B  own  account  of  the  discoveries  was  publi^lie^l  in  the  seventh 
^"^dBiDe  of  the  Commentnrii  dc  Bononensi  ScientitBruTH  et  Art  turn  Lutituto 
«lfu  Academia. 
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Pm**  ^J'  was  secreted  in  the  brain,  and  conducted  by  the  nerves  to  the 
muscles,  every  fibre  of  which  was  charged  like  a  Leyden  jar 
with  both  the  electricities ;  that  the  metals  served  as  a  con- 
ductor, and  caused  the  discharge  of  this  electricity :  hence  the 
convulsions.* 

The  publication  of  Galvani's  paper  drew  the  attention  of 
M.  Volta,  professor  of  physics  at  Pavia.  He  had  already 
distinguished  himself  by  the  discovery  of  the  electrophonu, 
the  condenser,  and  the  eudiometer.  He  repeated  and  varied 
the  experiments  of  Galvani,  and  drew  as  a  conclusion  from 
them,  that  the  electricity  which  occasioned  the  convulsions 
did  not  exist  in  the  muscles  of  the  animal,  but  was  evolved  bj 
the  contact  of  the  two  metals.  He  affirmed  that  whenever  two 
difierent  conductors  are  placed  in  contact,  electricity  is  always 
excited.  This  statement  occasioned  a  violent  controTersy 
between  Volta  and  Galvani,  which  continued  till  the  death  of 
the  latter  in  1799. 

Fabroni  had  also  opposed  the  hypothesis  of  Galvani  in  an 
important  paper  published  in  1792,  but  which  scarcely  drew 
the  attention  of  men  of  science ;  though  in  all  probability  it 
constitutes  the  true  explanation  of  the  origin  of  the  electricity 
which  occasioned  the  convulsions  in  Galvani's  experiments. 
According  to  him,  it  is  evolved  by  the  chemical  decompositions 
and  new  combinations  which  always  take  place  when  two 
metals  are  placed  in  contact  with  each  other. 

The  dispute  between  the  followers  of  Galvani  and  Volta 
was  maintained  with  undiminished  pertinacity  by  both  parties, 
when  Volta,  in  a  letter  to  Sir  Joseph  Bankes,  in  1800,  an- 


•  There  is  some  reason  for  believing  that  these  convulsions  had  be* 
previously  observed.     Sue,  in  his  Histoire  du  Galvanism  (p.  1),  stateii  <* 
the  authority  of  Cotagno,  tliat  a  mouse  having  bit  the  leg  of  a  student « 
medicine,  he  caught  it  and  dissected  it,  and  was  much  surprised  on  toocb* 
ing  the  intercostal  or  phrenic  nerve  of  the  animal,  to  experience  a  pretty 
strong  electric  shock.     And  Sulzer,  in  his  Theorie  Generale  du  Plawft 
says,  that  if  you  join  a  piece  of  silver  and  lead  so  that  their  edges  fora 
one  plane,  and  touch  them  with  the  tongue,  a  strong  taste  like  that  of 
green  vitriol  is  perceived,  though  each  separately  give  no  taste.  But  thae 
isolated  facts  drew  no  attention. 
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nounced  his  discovery  o{  the  pile.*     In  prosecuting  his  views,   Part  li. 

fliat  the  electricity  which  caused  the  convulsions  in  the  muscles 

of  the  frog  was  evolved  from  the  metals,  he  found  that  if  a 

number  of  pieces  of  silver  and  zinc,  or  copper  and  zinc,  were 

soldered  together  two  and  two,  a  plate  of  copper  to  a  plate  of 

anc;  if  a  number  of  these  pairs  were  piled  above  each  other, 

always  in  the  same  order  (that  is,  the  copper  or  the  zinc  always 

undermost),  with  a  card  or  piece  of  leather  between  each 

loaked  in  water,  or,  still  better,  in  brine,  an  apparatus  was 

fiffiDed,  which  furnished  a  constant  current  of  electricity ;  so 

that  if  the  wet  finger  of  one  hand  was  applied  to  the  under- 

oUMt  plate,  on  touching  the  uppermost  plate  with  the  wet  finger 

of  the  other  hand,  an  electric  shock  was  felt,  the  violence  of 

whidi  depended  on  the  number  of  pairs  of  plates  thus  piled 

>hoTe  each  other.     These  shocks  may  be  repeated  as  often  as 

^  experimenter  pleases ;  so  that  the  pile  difiers  from  the 

^rden  phial  in  evolving  a  constant  current  of  electricity,  with- 

^  requiring  to  be  charged.     Volta  observed  that  the  zinc  end 

^the  pile  was  charged  with  positive  electricity,  and  the  copper 

*d  with  negative  electricity.    He  found  also  that  when  a  part 

*flie  body  deprived  of  its  epidermis  was  placed  in  contact  with 

Uie  negative  pole,  the  pain  was  greater  on  completing  or  break7 

''^  the  circle,  than  when  it  was  in  contact  with  the  positive  pole. 

^olta  commonly  made  use  of  an  arrangement  which  he  called 

^^••Tcmiie  des  tosses.     It  consisted  of  a  number  of  cups  of  glass 

^  porcelain,  containing  each  a  quantity  of  salt  water.    These 

^*^  all  made  to  communicate  in  a  kind  of  chain  by  several 

^^tallic  arcs,  of  which  one  arm  or  link  immersed  in  one  of  the 

yps  is  copper,  and  the  other  immersed  in  the  following  cup  is 

^*^c ;  the  two  being  soldered  together  near  the  top  of  the  arch. 

^'hen  the  two  extreme  cups  are  united  by  plunging  the  fingers 

^  a  wire  into  them,  all  the  phenomena  of  the  pile  are  induced. 

The  first  persons  who  repeated  Volta's  experiments  after 

^  publication  of  his  paper  in  the  Philosophical  Transactions^ 

^ere  Messrs  Nicholson  and  Carlisle,  with  a  pile  consisting  of 

17  pairs  of  plates  of  silver  and  zinc,  separated  by  moistened 

•  Phil.  Trans.  1800,  p.  403. 
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Pmt  1 1,  card.  They  observed  that  the  electric  current  passed  throa 
certain  liquid  conductors,  while  it  was  stopped  by  bad  n 
ductors.  A  smell  having  become  sensible  in  certain  cai» 
Nicholson,  to  discover  the  cause  of  it,  interposed  betweeD  I 
summit  and  base  of  the  pile,  a  glass  tube  filled  with  wat 
through  the  extremities  of  which  passed  copper  wires  comn 
nicating  the  one  with  the  top  and  the  other  with  the  bottom 
the  pile.  The  extremities  of  the  wires  in  the  tube  were  d 
tant  from  each  other  about  two  inches.  From  the  wire 
communication  with  the  silver  or  negative  extremity  of  I 
pile,  a  current  of  small  air  bubbles  were  seen  to  pass.  Fn 
the  wire  connected  with  the  zinc  or  positive  end  of  the  pi 
no  air  bubbles  passed,  but  the  wire  became  first  orange  a 
then  bUck,  showing  that  it  had  combined  with  oxygen.  T 
air  bubbles  from  the  negative  wire  consisted  of  hydrogen  gi 
Thus  it  was  proved  that  the  pile  has  the  property  of  deem 
posing  water,  and  that  the  hydrogen  is  evolved  at  the  wi 
from  the  negative  pole,  while  the  oxygen  is  evolved  at  the  wi 
connected  with  the  positive  pole. 

Sir  Anthony  ("arlisle  repeattnl  the  experiment,  colourii 
the  water  in  the  tube  with  litmus.  The  liquid  surrooiidn 
the  positive  wire  l>ecame  red,  &howin^  that  an  acid  had  bo 
evolvccl  round  that  wire. 

Nicholson  observed  that  the  chemical  decomposition  toi 
place  l)etwcen  each  pair  of  the  metallic  plates ;  that  the  n 
face  of  the  zinc  was  oxydizcnl;  that  the  common  mU  wt 
which  the  card  had  Ihh^u  impregnated  watt  decomposed*  ai 
an  efliorcsconce  of  noda  dcpot<ited  on  the  copper  plate.  I 
observed  that  the  effect  was  increased  by  auinnentiiu;  fi 
numlNT  of  plates:  but  that  increasing;  or  diminishinir  ■ 
thicknt*ss  of  the  plates  had  no  etftH?t  whatever.  Whiii  be  ir- 
stituted  platinum  wires  for  cop|H*r  wires,  oxviien  gai  * 
evolved  from  the  positive  wire,  and  hydrogen  gas  from 
negative  wire,  in  the  exact  proportions  to  constitute  vav 
showinir  unequivocally  that  water  was  decomposed  by 
electrical  energy  of  the  pile.  When  copjier  wires  were 
and  the  water  in  the  tulie  aridulateil,  metallic  cnppff 
gradually  de|M»sited  on  the  negative  wire. 
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^These  factSy  and  several  others  which  it  is  unnecessary  to    ^'*^^^- 
ikate,  were  inserted  by  Mr  Nicholson  in  his  quarto  journal. 
Sinular  experiments  were  made  about  the  same  time  by  Mr 
Crmkshanks,  of  Woolwich,  and  also  by  Ritter.     It  is  needless 
to  rtate  the  attempts  of  Cruikshanks  to  discover  the  acid  and 
ilkaU  which  he  conceived  to  be  generated  by  the  action  of 
Ae  pile,  because  his  conjectures  did  not   prove  accurate; 
Wt  he  conferred  a  considerable  benefit  upon  experimenters 
V  substituting  a  trough  of  wood,  lined  with  resinous  cement 
«id  divided  into  cells,  for  the  original  pile  of  Volta.     The 
pittes  of  copper  and  zinc  were  at  first  soldered  together,  and 
Ancrted  into  the  trough  at  small  intervals  from  each  other, 
ttd  these  intermediate  cells  being  filled  with  water  impreg- 
■med  with  conmion  salt,  or  still  better,  acidulated  with  sul- 
phuic,  nitric,  or  muriatic  acid.    The  two  extremities  of  such 
^  troogh  being  connected  by  metallic  wires,  it  is  in  a  state  of 
•ctifity. 

b  was  soon  observed,  that  the  energy  of  such  a  trough  did  Farther  im' 
IHM;  depend  upon  the  extent  of  sur&ce  in  which  the  copper  ^^ 
*>id  xinc  plates  touched  each  other ;  but  upon  the  extent  of 
**>r&ce  of  these  plates  in  contact  with  the  liquid.     It  was  suf- 
fioeot  if  the  zinc  and  copper  plates  touched  each  other  in  a 
*>iigle  point,  provided  these  plates  were  themselves  plunged 
^>^  the  liquid,  so  that  a  copper  plate  should  always  be  exactly 
^'Vposite  to  a  zinc  plate  in  the  same  cell,  without  the  two 
V^ies  touching  each  other  in  any  part:   hence,  instead  of 
*^ering  the  zinc  and  copper  plates  together,  it  was  found 
^'^fficient  to  allow  a  small  ribbon  of  copper  to  issue  from  the 
^^'^lUnit  of  each  copper  plate.     This  ribbon  was  soldered  to 
5^  top  of  the  zinc  plate.   A  section  of  two  such  plates,      3 
^  here  represented,  in  which  z  is  the  zinc  plate,  and    lO 
^  Uie  copper,  while  3  represents  the  ribbon  of  copper    p 
tT  which  the  two  plates  are  soldered  together.     The 
^<H)den  trough  was  divided  into  cells,  by  cementing  ^. 
^^  it,  at  regular  distances,  as  many  plates  of  glass,    | 
^  varnished  wood,  as  there  were  plates  of  zinc  and 
^ppcr  cemented  together.     The  trough   thus  pre- 
*^^ttd,  was  filled  with  the  liquid  intended  to  act  as  a 
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conductor.     The  metallic  plates  were  then  slipped  in,  tak- 
ing care  that  all  the  zinc  plates  were  turned  the  same  way, 
and  that  each  pair  was  separated  from  each  other  by  the  glass 
or  wooden  diaphragm  which  divided  the  trough  into  its  tsi^ 
ous  compartmente.     The 
figure  in  the  margin  re- 
presents a   section   of  a 
small  portion  of  such  a 
trough,  in  which  the  mid- 
dle line  in  each  trio  re- 
presents the  glass  plates 
which  divide  the  trough 
into  different  cells,  while 
cz,  &c.,  represent  eight  p^rs  of  the  cemented  metallic  plilei 
slipped  over  the  glass  diaphragms,  so  that  there  is  a  rinc  pkto 
in  every  cell,  exactly  opposite  to  the  corresponding  coffe 
plate;  each  a  certain  distance  from  the  other.     The  bob 
plates  are  all  turned  the  same  way.     At  the  extretniti«  of 
the  trough,  there  was  a  cell  filled  with  the  conducting  liquid, 
and  containing  only  one  metallic  plate.     The  extremi^  it 
which  this  plate  was  zinc  constituted  the  positive  end  of  tbc 
trough.     The  other  extremity  into  the  last  trough  of  whicb  ■ 
copper  plate  plunged  was  the  negative  extremity.    There  w» 
usually  a  piece  of  wood  fixed  at  each  extremity  of  the  trougbi 
with  a  small  hole  in  it  for  the  introduction  of  a  wire,  in  order 
to  make  the  two  extremities  of  tlie  trough  communicate  with 
each  other,  which  is  necessary  for  bringing  the  trough  into 
action. 

When  the  size  of  the  metal  plates  is  considerable,  f""" 
inches  square,  for  example,  if  the  trough  cont^ns  a  conside^ 
able  number  of  pairs,  60  or  100  for  example,  it  becomes  » 
heavy  as  to  be  almost  unmanageable.  To  obviate  this  incon- 
venieocc,  the  troughs  arc  now  made  of  porcelain,  and  of  nd> 
a  size  that  each  trough  is  divided  into  ton  separate  cells,  bj 
means  of  porcelain  divisions  in  the 
trough.  The  figure  in  the  mar- 
gin represents  the  surface  of  such 
a  trough,  viewed  from  above,     c 


mm 
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c  c,  &c.,  represents  the  different  cells  into  which  the  troufrli 
u  divided  hj  the  porcelun  diaphragms  introduced  into  trouf^li. 
The  ten  pairs  of  plates  belong- 
ing to  each  trough  are  properly 
Kiewed  to  a  small  rectangular  ^ 
fiece  of  wood  sufficiently  strong 
t>  mpport  tbcm,  as  represented 
a  the  margin.  The  piece  of 
*Dod  to  which  the  plates  arc 
■erewed  is  well  dried  and  then 
varmihed,  in  order  to  be  ren- 
■lend  a  non-conductor  of  elec- 
tricity. The  plates  arc  sn 
scnved  into  the  wood  that  a  platu  <jf  zitic  uml  a  jtlute  of  c»p- 
|>cr  can  be  introduced  into  the  same  cell  at  the  rc^uiHitc  dis- 
taue,  and  exactly  opposite  to  each  other.  These  two  platca 
omimunicate  only  by  means  of  the  conductinii  liquid  into 
*Uch  they  are  plunged. 

A  little  reflection  U  iiufiicicnt  to  show  that  the  energy  of  z 
**A  pair  of  plates  depends  upon  the  extent  of  surface  of  the  „ 
t*o  metals  exactly  opposite  to  each  other,  and  .separated  by  >" 
ue  conducting  surface.  When  a  fiin^le  plat*^  of  Kinc  is  intfi- 
doced  into  a  trough,  and  a  iiin<fle  pkt<;  of  copjM^r  is  pliu;ed 
"•ppogite  to  it  of  exactly  the  same  size,  it  is  dbvious  that  only 
*»>e  of  the  eidcf  of  the  zinc  yluu--,  and  ow  of  the  xidert  of  the 
'opper  plate,  exert  their  enertry.  Tiie  other  i-ides  of  both 
l^tes  are  totally  inetiicacious.  .Now.  it  will  }>i:  netai  afterwards, 
^**u.t  when  Eucb  troughs  arc  in  activity,  it  in  the  zinc  plati- 
^oicfa  is  was'ted  and  not  tlie  copper :  but  both  vidi^  of  the 
*><M:  plate  dicEolre.  Thus  when  the  trough  ia  <-Mittruct<.'d  in 
"•eway  now  deecribed.  the  r-oniiumptiuu  of  the  zinc  i*  twic* 
•»  great  as  its  eneriry.  To  remedy  tJji^  di'fwt  thi;  '^jpper 
plate  if  made  to  eo  round  the  zJnc  plate,  eo  a>:  to  Ix;  opjKwib' 
'^  it  at  a  certain  di->raiice.  Hy  lhl>  cotitrivauo'  the  two  ^ur- 
"■cea  of  the  zinc  are  brou<rhi  i\iv.-  action.  'i'ijl«  doubh.''^  tbi 
*»ergT  of  ibt."  trouirb  witb'.ut  iii'n;li  ji)treatirj;r  the  <oiitun.[K 
tiBi  of  the  rinr.  'J'iii-  la-t  itiipr(jv«ii»>rjl  »a»-  m-ju'-'l'-'i  ''J 
Dr  WoUat-tori. 
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Part  If.        Davy  seems  to  have  been  the  first  person  who  attempted  to 
ascertain  the  effect  produced  by  enlarging  the  size  of  the 
metallic  plates.     Fourcroy,   Vauquelin,  and    Thenard,   bad 
already  shown  that  large  plates  answered  much  better  than 
small  ones  for  reddening  and  burning  wires;  and  for  pro- 
ducing those  combustions  which  had  been  already  obtained 
by  means  of  the  common  electric  battery.*     Davy  employed 
a  battery  composed  of  20  pairs  of  copper  and  zinc  plates,  each 
being  a  square  of  13  inches  to  the  side.     When  charged  witii 
pure  water  the  effects  were  very  trifling.     Brine  increased 
the  action  considerably.     With  weak  nitric  acid  it  was  tUsH 
farther   augmented,   being  capable  of  heating  to  whitenesi 
three  inches  of  iron  wire  ^^f  ^  of  an  inch  in  diameter.    He 
considered  the  increased  effect  from  nitric  acid  as  owiog  to 
the  action  of  that  acid  on  the  zinc  plates  of  the  battery. 
When  two  small  pieces  of  well-burnt  charcoal,  or  a  piece  of 
charcoal  and  a  metallic  wire,  were  made  to  complete  the  cirde 
in  water,  vivid  sparks  were  perceived,  gas  was  given  out  very 
plentifully,  and  the  points  of  the  charcoal  appeared  red  hot  in 
the  fluid  for  some  time  after  the  contact  was  made,  and  as 
long  as  this  appearance  existed,  elastic  fluid  was  generated 
with  the  noise  of  ebullition.     Davy  examined  the  gases  pro- 
duced by  means  of  gold  wires  and  charcoal  in  water,  alcohol, 
ether,  sulphuric  acid,  and  nitric  acid,  but  it  is  unnecessary  to 
state  the  results.f 

The  first  important  step  towards  the  determination  of  the 
chemical  decompositions  produced  by  the  Voltaic  battery  was 
made  by  Hisinger  and  Berzelius,  and  an  account  of  their 
experiments  was  published  in  the  year  1803.^  When  they 
employed  iron  wires  and  a  dilute  solution  of  sal  AmmoviBCj 
they  obtained  hydrogen  and  oxide  of  iron.  Concentrated 
ammonia,  treated  in  the  same  way,  gave  hydrogen  at  the 
negative  pole,  and  azote  at  the  positive  pole,  while  a  little 
oxide  of  iron  was  dissolved.  When  the  ammonia  was  diluted 
with  water,  the  water  alone  was  decomposed.     Sulphate  of 


*  Ann.  de  Chimic»  xxxiz.  103.         f  Nicholfton^s  Jour.  iii.  133. 
X  Gchlen's  Journal  der  Chiniic,  i.  115. 
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■"^Wiionia,  with  excess  of  acid,  gave  hydrogen  at  the  negative    P«rt  I  J. 
pole,  and    oxygen  at   the  positive.     Several  alkaline   and 
i&etallic  salts  were  successively  decomposed.     Prussiate  of 
ammonia  gave  at  the  positive  pole  prussiate  of  iron  with  an 
excess  of  oxide. 

Common  salt,  decomposed  hy  silver  wires,  gave  at  the  posi- 
tiire  pole  chlorine  and  chloride  of  silver,  while  the  negative 
pole  was  surrounded  by  soda.    Sulphate  of  potash,  decomposed 
^y  leaden  wires,  gave  peroxide  of  lead  and  oxygen  at  the  posi- 
tive pole,  and  hydrogen  at  the  negative. 

Hisinger  and  Berzelius  remarked  that  the  evolution  of  gas  ^®"^Jf'i||. 
^^ontmued  a  long  time  after  the  tubes  were  separated  from  the  singer  and 
electric  chain.     From  these,   and  many  other  experiments 
^kich  it  is  needless  to  detail,  they  drew  the  following  con- 
^osions : — 

1.  When  electricity  traverses  a  liquid,  the  constituents  of 
^t  liquid  separate  so  that  one  set  of  them  collect  round  the 
positive  pole,  and  another  set  round  the  negative  pole. 

2.  The  principles  which  collect  round  the  same  pole  have 
^  Certain  analogy  with  each  other :  to  the  negative  side  pass 
combustibles,  alkalies,  and  earths ;  to  the  positive  pole,  oxygen, 
•^ds,  and  oxides. 

3.  The  relative  quantity  of  decomposition  in  compound 
liquids  is  in  proportion  to  the  affinity  of  the  components  for 
**ch  other,  and  to  their  points  of  contact  with  the  conductors  : 
■'once  it  may  happen  that  the  most  dense  compound  only  is 
decomposed,  and  that  the  one  most  divided  is  not  at  all. 
I^us,  concentrated  ammonia  is  easily  decomposed ;  but  when 
*  i«  diluted  with  water,  the  aqueous  fluid  alone  undergoes 
*ocomposition. 

^-  The  absolute  quantity  of  decomposition  is  in  proportion 
l^  the  quantity  of  electricity ;  and  the  quantity  of  electricity 
j*  *^  proportion  to  the  extent  of  contact  of  the  metals  in  the 
■■^ttery  with  the  liquid  conductors. 

*•  The  worse  a  conductor  of  electricity  a  liquid  is,  the  more 
*^Cult  it  is  to  decompose  it. 
^^^   The  phenomena  of  decomposition  are  determined  by 
O    The  affinity  of  the  constituents  for  the  conductor  as  far 
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F^rt  II.  as  they  can  enter  into  combination  with  it.  (2.)  By  the 
reciprocal  affinity  of  the  constituents,  when  there  are  several* 
Thus  when  we  decompose  nitre,  ammonia  is  formed*  (3.) 
By  the  cohesion  of  the  new  compound. 

7.  Water  is  decomposed  into  hydrogen  and  oxygen,  both 
of  which  are  insoluble  in  water.  This  is  the  reason  why  the 
former  is  disengaged  by  the  negative  wire,  and  the  Utter  by 
the  positive. 

Sulphuric  acid  gives  sulphur  at  the  negative  pole,  and 
oxygen  at  the  positive. 

The  neutral  salts  deposit  their  bases  at  the  negative  pole, 
and  their  acids  at  the  positive. 

We  shall  see  afterwards  how  far  these  deductions  agree 
with  what  has  been  ascertained  respecting  these  decoxqxw* 
tions  by  subsequent  experimenters. 
DitnoTerUt  Such  was  the  state  of  our  knowledge  of  the  chemical  action 
of  the  Voltaic  battery  when  Davy*s  celebrated  paper  on  some 
chemical  agencies  of  electricity  appeared  in  the  FhilatopUe^ 
Transactions  for  1807.  Experimenters  had  been  embarraflied 
by  the  appearance  of  an  acid  and  an  alkali  in  their  cxperimentfli 
even  when  the  purest  distilled  water  was  used,  and  rarioos 
hypothesis  had  been  started  to  account  for  these  appearaocei* 
Davy  showed  that  these  appearances  were  owing  to  the  exist- 
ence of  common  salt  in  the  substances  employed  to  coDtiin 
the  water  through  which  the  electricity  passed.  Thus,  when 
he  employed  an  agate  tube,  muriatic  acid  and  soda  were 
deposited ;  but,  after  the  current  had  been  allowed  to  pass  for 
a  considerable  time,  all  the  common  salt  in  the  agate  v^ 
decomposed,  and  no  more  acid  or  alkali  were  now  deposited- 

When  animal  or  vegetable  substances  were  employed  to 
complete  the  communication,  they  supplied  various  salts,  bj 
the  decomposition  of  which,  alkaline  bodies  were  collected 
round  the  negative  pole,  and  acids  round  the  positive.     When 
glass  was  used  to  hold  the  water  subjected  to  decomposition, 
it  was  corroded,  and  supplied  an  alkali  in  abundance.     IrMien 
the  water  was  rendered  quite  pure  by  repeated  distillations  it 
low  temperatures,  and  was  put  into  cups  of  pure  gold,  still 
the  appearance  of  an  acid  and  alkali  at  the  two  poles  was  just 
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!  acid  was  llie  nitric  and  the  alkali  ammonia,    ^^'t  u. 
jeedcd  in  demonstrating  that  the  formation  of  these 
I  owing  to  the  coinbinatioD  of  the  azote  of  the  atmo- 
sphere with  tlic  oKygcn  and  hydrogen  aet  at  liberty  by  tlie 
decomposition  of  water. 

Havinj;  thus  accounted  for  tlie  appearance  of  the  acids 
I  bases  at  the  two  poles  of  the  Voltaic  battery,  he  showed 
if  llie  salt  to  be  decomposed  was  in  contact  with  the 
;ative  pole  of  the  battery,  the  base  of  tlie  salt  was  accumii- 
ted  round  that  pole,  whili;  the  acid  appeared  round  the  poai- 
i  pole,  cren  though  at  a  considerable  distance,  and  that  it 
^ht  even  be  detected  in  its  passage.  He  employed  three 
B  tubes  containing  water,  and  united  by  filaments  of  well- 
tsbcd  amianthus  moistened  with  distilled  water.  The  two 
me  tubes  contained  each  some  common  salt  dissolved  in 
B  water,  while  in  the  intermediate  tube  was  placed  a  solution 
r  sulphate  of  silver.  As  suon  as  the  circle  was  completed, 
i  began  to  appear  in  the  negative  tube,  and  chlorine  in 
e  positive  lube.  But  the  chlorine,  in  passing  through  the 
nlphate  of  silver  in  the  intermediate  tube,  produced  a  heavy 
upitato  of  chloride  of  silver,  while  the  soda  produced  a 
^t  precipitate  of  oxide  of  silver:  showing  clearly  that 
1  the  elements  of  the  salt  decomposed  meet  in  their  pa«- 
c  bodies  with  which  they  form  insoluble  compounds,  these 
Dipounds  are  immediately  formed,  and  the  elements  of  the 
t  are  thus  removed  from  the  action  of  the  battery, 
r  He  showed  that  the  acids  and  the  bases  which  were  thus 
tnaported  by  the  electric  currents  were  capable  of  passing 
■ough  solutions  of  bodies  for ,  which  they  had  a  strong 
Bnily.  Solution  of  sulphate  of  sUver  was  placed  in  the 
Igfttive  tube,  water  in  the  positive,  and  ammonia  in  the  in- 
medinte  tube,  and  a  current  of  electricity  from  150  pairs  of 
!»  of  four  inches  diameter  was  made  to  pass  through  these 
El.  The  sulphuric  acid  was  collected  round  the  positive 
le,  and  must  have  therefore  traversed  the  ammonia,  fur 
ti  it  bad  a  strong  affinity. 
■From  these,  and  a  multitude  of  other  experiments  which  it 
icedlcss  to  state,  Davy  drew  as  a  conclusion,  Ihat  a  current    ^^H 
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P*'^  il«  of  electricity,  if  suflSciently  powerful,  is  capable  of  separating 
two  bodies,  however  strong  the  affinity  may  be  by  which  tbey 
are  united  together.  This  it  does  by  bringing  each  to  the 
same  kind  of  electricity,  either  positive  or  negative;  the 
consequence  of  which  will  be  that  they  will  repel  each  other, 
and  of  course  separate.  This  led  him  to  infer  that  bodies 
having  an  affinity  for  each  other,  are  in  two  opposite  electrical 
states.  And  he  made  many  experiments  to  show  that  when 
acids  and  bases  are  brought  into  contact,  and  then  separated, 
the  acids  are  always  negative,  and  the  bases  positive. 

This  led  him  to  suggest  the  well-known  theory  of  chemi< 
affinity,  that  bodies  combine  merely  because  they  are  in  oppo — 
site  states  of  electricity,  and  consequently,  that  chemii 
affinity  is  merely  a  case  of  electric  attraction.  This  hypothesi 
requires  us  to  admit  that  the  electrical  state  of  the  atoms 
bodies  is  permanent ;  and  the  subsequent  investigations 
succeeding  electricians,  especially  of  Mr  Faraday,  have  giv< 
much  probability  to  this  opinion,  which  appeared  at  first  sig* 
inconsistent  with  the  views  of  electricians,  founded  chiefly 
the  Leydcn  phial,  which  led  to  the  notion  that  two  bodies  i 
diiFerent  electrical  states  could  not  come  in  contact  wither  at 
mutually  neutralizing  each  other.  Indeed,  it  seems  to  follcn^r 
from  Faraday's  investigations,  that  every  atom  of  matter  U 
surrounded  with  the  same  quantity  of  electricity. 

Davy  examined  likewise  the  two  different  theories  respeet. 
ing  the  origin  of  the  energy  of  the  Voltaic  battery,  which  at  that 
time  divided  electricians : — 1st.  That  of  Fabroni,  who  ascribeJ 
it  to  the  chemical  decompositions  which  go  on  in  the  battery 
as  long  as  it  possesses  any,  activity.     Fabroni's  opinion  was 
corroborated  by  a  very  ingenious  set  of  experiments  of  Dr 
VVollaston.* — 2d.    That  of   Volta,  wlio  ascribed   the  whole 
energy  of  the  battery  to  the  electricity  developed  by  the  junc- 
tion of  the  pairs  of  metals;  while  the  liquid  interposed l>et ween 
each  pair  served  merely  as  a  vehicle  to  convey  this  electricity 
from  one  pair  to  another.    Davy  adopted  the  latter  of  the  two 
views,  and  supported  it  by  arguments  which  do  not  appear  to 

•Phil.  Trail::.  1^*01,  p.  427. 
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mc  to  Imvc  mudi  weight ;  tliougli  I  am  not  sure  if  I  fully  un-   Pnrt  ll. 
ilcrstond  tlicin.    At  tiny  rate,  it  would  be  improper  to  attempt 
to  discuss  the  subject  here ;  it  will  eoine  under  our  review  ia    ^^^J 
a  subsequent  chapter.  ^^^H 

The  views  which  Davy  detailed  in  this  paper  led  him  to  ^^^H 
expect  tu  make  important  cliemical  discoveries,  by  subjecting  ^^^H 
chemical   compounds   to   the   action  of  a   powerful   Voltaic  ^^^H 
battery.  Nor  were  bis  hopes  disappointed.  In  1808,  he  decom-  ^^^H 
pOBcd  potash  and  soda,  and  showed  that  they  were  compounds    ^^^H 
of  oxygon  and  two  metals  to  which  he  gave  the  names  of 
potassium  and  sodium.*     He  showed  also  that  lime,  barylcs, 
mtiao,  and  magueda,  were  oxides  of  metals,  to  which  he 
e  the  names  of  calcium,  barium,  strontium,  and  magneaiuiu.t 
The  succesa  of  Davy  seems  to  have  stimulated  Bonaparte,  or  Th.. 
)  had  shown  a  great  partiality  for  Voltaic  electricity  from  (Jh^.lU- 
vei7  discovery  of  the  pile  by  Volta.    He  offered  a  prize  for  ■"■ 

greatest  discovery  that  should  be  made  in  Voltaic  electri-    V 

r,  to  be  decided  by  the  French  Institute,  and  to  be  open  ^^^| 
competition  to  men  of  science  in  every  nation  The  prize  ^^^H 
^  tmanimously  voted  to  Davy  for  his  great  discovery  of  the  ^^^H 
Btituents  of  the  fixed  alkalies  and  earths.  He  assigned  a  ^^^| 
I  of  money  to  he  laid  out  in  the  construction  of  a  magiiiliccut  ^^^H 
Ivanic  battery,  which  was  intrusted  to  MM.  Thcimrd  and  ^^^| 
y-Luasac,  in  order  to  try  whether  additional  discoveries  ^^^| 
ibe  same  nature  with  those  of  Davy  might  not  bo  made,  ^^^f 
tonsisted  of  six  hundred  pairs  of  copper  and  zinc  platee,  ^^^H 
h  not  much  less  than  three  feet  square.  Intli^year  1811,  ^^^| 
M  philosophers  published  a  work  in  two  volumes,  entitled  ^^^H 
!»  Pkysico-Ckimiques,  in  whicli  they  consigned  the  ^^^H 
It  of  their  experiments  with  the  great  battery,  and  likewise  ^^^H 
CAe  preparation  and  properties  <^'  potassium  and  godium,  on  ^^^H 
decomposition  of  boracic  acid,  on  fluoric,  muriatic,  onif  ^^^H 
nuriatic  acid,  on  the  ebemical  actions  of  liffhl,  and  on  tht  ^^^H 
!yiiis  <if  vegetable  and  animal  bodies.  This  ia  one  of  tha  ^^^H 
t  valuable  contributions  ever  made  to  chemistry,  and  con-  ^^^H 
ed  new  views  and  new  experiments,  which  enabled  Davy  ^^^H 
overturn  Ibe  received  opinions  respecting  the  cunatitutioa  ^^^f 
Pliil.  Trans,  MMm,  p.  t.  f  Phil.  Tnim.  I80P,  p.  333.       ^^H 
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Ptotll.  of  muriatic  acid  and  chlorine,  and  thus  to  constitn 
era  in  chemistry.  They  constructed  both  a  battery  i 
plates  and  one  with  small,  investi<^ated  with  much  fun 
causes  which  affected  their  enoriry,  and  pointed  out 
of  measuring  that  energy  by  mean«  of  the  quantity 
decomposed  in  a  f;ivcn  time. 

Though  these  experiments  led  to  new  and  impori 
respecting  the  mode  of  action  of  the  battery,  thry  wt 
fortunate  as  to  make  any  important  chemical  discovi* 
use  of  either  battery.    Nor  is  this  to  be  wondered  at, 

m 

had  already,  by  the  munificence  of  the  subscrihrr 
lioyal  Institution,  been  put  in  possession  of  a  m; 
battery  of  1 2(K)  pairs  of  zinc  and  copper  plate!>.  c 
inches  square,  and  had  found  that  the  loss  of  t-lectrii 
it  was  in  action  was  so  great  from  dissipaticm,  that  r 
were  very  little  superior  to  those  of  the  much  sinallor 
already  in  use.  It  was  impossible  to  walk  acro-is  ' 
when  this  immense  battery  was  in  action,  witlH» 
stunned  by  perpetual  shoc^ks. 

After  the  great  discoveries  of  Davy,  and  of  'V\i€ 
Gay-Lussac,  little,  comparatively  speak  in  <;«  riMnain 
reaped  by  succeeding  experimenters  :  hence,  after  1 
seal  of  electricians  began  to  coiil,  and,  if  we  e\4* 
papers  by  Davy,  and  s<ime  decompositions  such  m 
silica,  by  Borzelius,  and  of  alumina,  ghieina,  niui 
Wohler,  and  of  zirconia,  by  UiTzelius,  few  eontrit>ii:i< 
to  elwtricity  or  cln'mistry  were  made  in  the  nay  of  • 
sition  for  ten  or  eleven  years.  It  may  be  pro|MT,  In 
notice  the  dry  piles  of  l)c  Luo  and  Zamlmni,  bet  au^< 
not  entirely  without  their  u^^e. 
DntXim,  When  the  common  Vttlraif*  pile  is  used  it  »poeJil\ 
energy  by  the  liquid  in  whieli  tliecnnls  Hcn«»oaked  I 
dry.  In  1803,  llarhette  and  Desornies  replaceil  tl 
by  a  mainna  of  «tarch  di9.«ol\e<l  in  water  to  the  thi 
stiff  jelly,  in  order  to  try  whether,  when  thuv  pre|i 
pile  would  not  retain  its  en«*rL\v  lunger.  In  Isoti, 
contriyed  a  pile  which  apparently  was  without  any  11 
consisted  of  plates  of  zinc  and  paper,  gildi*d  on  uiie  ? 
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Ittid  aIiovc  each  other,  Ihc  zhic  bning  in  contact  with  ihe  P*n  II. 
gilded  aide  ur  the  pnper.  The  tnoisture  in  the  paper  was 
sufficient  to  charge  the  pile,  and  it  continued  to  act  till  the 
whole  of  this  moisture  was  dissipated.  In  1812,  Zamhoni 
made  some  improvements  in  De  Luc's  column.  He  piled  up, 
as  De  Luc  had  done,  several  thousand  zinc  plates  «nd  discs  i 

of  paper,  and  pressed  them  strongly  tPgctJier:   one  side  of  | 

the  paper  was  covered  by  tin  foil  and  the  other  by  a  very  ' 

thin  crust  of  black  oxide  of  maD»anesc,  rubbed  up   with  a 
mixture  of  Hour  and  milk.     The  humidity  of  the  paper,  as  in 
Ofl  Luc's  pile,  was  sufficient  to  maintain  the  circulaliua  of  the 
pieclricity.  which,  in  consequence  of  the  badncas  of  the  paper 
ua  a  conductor,  is  not  so  energetic  as  in  ordinary  piles.     It 
ires  sparks  to  the  condensers,  but  we  never  can  obtain  with 
I  a  pile  either  chemical  decompositions  or  the  reddening  of 
,  in  consequence  of  the  slowness  of  the  circulation  of  the 
ictricity  in  comparison  of  its  motion  In  the  common  Voltaic 
When  the  humidity  of  the  paper  is  dissipated,  Zambonl's 
i,  like  that,  of  De  Luc,  loses  all  its  action.    I  havescen  acouple 
I  them  keep  a  pendulum  in  motion  for  more  than  a  month. 
I  Aboal  the  year  1820,  the  science  of  electricity,  pursued 
i>  much  ardour  for  several  years  in  consequence  of  the 
KOTeries  of  Davy,  became  in  a  great  measure  stationary, 
t  in  the  month  of  July  of  that  year.  Professor  John  Chris-  ^'J^^J^ 
a  (£rsted,  of  Copenhagen,  guided  by  theoretical  views  wlilch 
Hie  hud  published  twenty  years  before,  annoanccd  that  the 
iniignt'tic  needle  placed  at  a  little  distance  from  a  wire  joining 
the  two  extremities  of  an  active  Voltaic  battery,  was  affected 
in  this  manner : — If  placed  above  or  below  the  wire,  it  placed 
itself  at  right  angles  to  it,  the  north  pule  pointing  in  one 
direction  when  the  needle  was  above,   and  in  the  oppoaito 
direction  when  it  was  below,     When  placed  on  the  right  side 
of  the  wire  it  dipped  in  one  direction,  and  when  placed  on  the 
left  side  it  dipped  in  the  apposite  direction,  so  as  always  to 
kf^ep  itself  at  right  angles  to  the  wire.     The  direction  of  the 
north  pole  is  one  way  or  the  other,  according  to  the  direction 
that  the  positive  electricity  moves  in  the  wire,' 
^L  ■  AudoIb  of  I'bilogoph}-,  xvi.  373,  S7S.  ^| 
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P»rt  II.        This  important  discovery  drew  the  attention  of  men  ot 
science,  and  was  followed  by  as  active  and  as  successful    & 
series  of  experiments  and  discoveries,  as  followed  the  inyention 
of  the  Voltaic  pile  by  Volta,  or  the  decomposition  of  the  fixed 
alkalies  by  Davy.     The  first  person  who  took  the  field 
views  of     M.  Ampere.    In  a  series  of  memoirs,  the  first  of  which  appean 
Ampere.     ^^^^  ^^^^  ^f^^^  CErsted's  discovery  became  known  to  him,* 

laid  the  foundation  of  ekctro-dynamics^  a  branch  of  scieac 
including  all  the  phenomena  of  electricity  in  motion.     In  tb 
memoir  he  reduced  the  phenomena  observed  by  CErsted  to  t^s 
principal  facts.     He  showed  that  the  electro-dynamical 
exists  equally  in  all  parts  of  the  conducting  wire,  as  well  as 
the  pile.     To  explain  why  the  needle  points  difierent  wa] 
according  as  it  is  placed  above  the  pile  or  by  the  side  of 
conducting  wire,  he  indicated  this  general  law,  which  determii 
the  position  of  the  needle  in  every  particular  case: — Supposetlie 
electricity  to  move  from  the  positive  pole  of  the  pile  to  tlie 
negative  pole  :  suppose  a  man  to  make  part  of  the  circuit,    so 
that  the  current  enters  by  his  feet  and  passes  out  by  his  hem<^i 
the  needle  will  point  towards  his  left  hand. 

In  this  valuable  memoir  he  pointed  out  the  importance 
rolling  the  conducting  wire  into  helices  or  spirals,  in  order 
increase  the  efi*ect.     This  led  afterwards  to  the  formation 
galvanometers,  consisting  of  magnetic  needles  poised  fr( 
and  surrounded  by  wires,  coated  with  silk  thread  to  previ 
contact,  and  twisted  into  spirals. 

In  the  same  paper  he  showed  that  two  wires  through  whE  -^^ 
electrical  currents  were  moving,  attracted  each  other  if  t^^  ^ 
currents  were  moving  in  the  same  direction,  but  repelled  ea^^^*^ 
other  if  the  currents  were  moving  in  opposite  directions,  t^  "* 
gives  his  ideas  respecting  the  property  of  magnets,  which  "^ 

refers  to  electrical  currents  circulating  round  molecules  ^ 

planes  perpendicular  to  their  axes.     He  conceives  that  in 
terrestrial  globe  there  are  electrical  currents  in  planes, 
pcndicular  to  that  of  the  dipping  needle,  and  consequen     ^/ 
moving  from  east  to  west. 

•  Ann.  de  Chim.  ct  de  Phys.  xv.  59,  170. 
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Soon  after,  he  announced  to  the  Academy  of  Sciences  that    Part  1 1, 
the  action  of  the  terrestrial  globe  has  a  tendency  to  bring  the 
jdtoe  or  moFeable  portion  of  a  conductor  of  an  active  Voltaic 
pile  into  a  position  perpendicular  to  the  dipping  needle. 

lo  1822  he  reduced  the  attractions  and  repulsions  of  electri- 

ttl  corrents  to  calculation.*     His  object  was  to  show  that  all 

^  bets  relative  to  the  mutual  action  of  two  magnets,  a  Voltaic 

conductor  and  a  magnet,  or  two  conductors,  might  be  referred  ' 

to  a  single  cause,  consisting  in  a  force  sometimes  attractive, 

**»etime8  repulsive,  between  infinitely  small  portions  of  what 

le  called  electric  currents,  always  acting  in  the  direction  of 

^  line  which  joins  their  middle.     He  admits  that  the  action 

^this  force  is  not  a  mere  function  of  the  distance ;  but  depends 

^  on  the  angles  which  determine  the  respective  position  of 

^0  infinitely  small  portions  ofthe  electric  currents  of  the  line 

*«ucli  joins  their  centres.     Ampere  concluded  from  his  experi- 

JDents^  and  observations,  that  electricity  and  magnetism  were 

'"Cntical ;  or,  in  other  words,  that  magnets  owed  their  peculiar 

P^pepties  to  electric  currents  passing  through  them. 

^^*  Arago  had  observed  that  the  metallic  conductor  of  an 
*^ve  Voltaic  pile  attracts  iron  filings,  and  possesses  all  the 
P'^perties  of  a  magnet,  whatever  be  the  metal  of  which  it  is 
^'"^Posed.t      He  observed  that  if  a  copper  wire  be  wound  a  «pirai 
f^rally  round  a  glass  tube,  and  then  made  to  unite  the  two  municaiM 
*j^^  of  a  galvanic  pile,  if  a  steel  needle  be  introduced  into 
^  ituide  of  the  tube,  it  is  instantly  converted  into  a  magnet. 
^^e  needle  be  left  too  long  in.  the  tube,  the  magnetic  pro- 
™*^eg  are  again  weakened  or  even  destroyed.     The  best  way 
^  liold  the  needle  in  the  hand,  and  introduce  it  about  half 
.y  into  the  tube,  and  then  withdraw  it :  the  magnetic  virtue 
^l^  ^  acquired  as  completely  as  if  it  had  been  wholly  within 
r  ^^be.     If  common  electricity  be  made  to  pass  along  the 
j^^^l  conducting  wire,  the  needle  is  equally  converted  into  a 

^S'^et. 
1^^  ^I.  De  la  Rive  fixed  two  small  plates  of  zinc  and  copper 
^^ile  each  other,  and  attached  them  to  apiece  of  cork.    The 

Ann.  de  Chim.  et  dc  Phys.  xx.  398.  t  Ibid.  xv.  93. 
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Part  II.  two  plates  were  connected  together  by  a  brass  wire  wound  into 
a  spiral.  When  this  little  apparatus  was  placed  on  tbe  surface 
of  an  acid  liquid,  the  plate  being  undermost  and  allowed  to 
float  at  pleasure,  it  arranged  itself  into  the  magnetic  meridia 
in  consequence  of  the  polarity  of  the  spiral  wire. 

DiMOTfTies      Next  to  the  discoveries  of  Professor  OErsted,  those  of  Mr 
Faraday  on  electro-magnetism*^  are  by  far  the  most  important 
He  first  observed  that  the  position  of  the  magnetic  needle,  vitli 
respect  to  the  conducting  wire,  greatly  modified  the  effiecti 
produced.     He  ascertained  that  the  apparent  attraction  of  the 
needle  on  one  side,  and  its  consequent  repulsion  on  the  other, 
did  not  occur  under  all  circumstances ;  but  that  according  ai 
the  wire  was  placed  nearer  to  or  farther  from  the  pivot  of  tbe 
needle,  attractions  or  repulsions  were  produced  on  the  same 
side  of  the  wire.     When  the  wire  is  made  to  approach  perpeo- 
dicularly  towards  one  pole  of  the  needle,  the  pole  will  pass  of 
on  one  side  in  that  direction  which  the  attraction  and  repul- 
sion at  the  extreme  point  of  the  pole  would  give  ;  but  if  the 
wire  be  continually  made  to  approach  the  centre  of  motion  bf 
either  the  one  or  the  other  side  of  the  needle,  the  tendency  to 
move  in  the  other  direction  diminishes.    It  then  becomes  nM-a 
and  the  needle  is  quite  indifferent  to  the  wire  ;  and  ultimatd, 
the  motion  is  reversed,  and  the  needle  powerfully  endeavour^ 
to  pass  the  opposite  way. 

From  these  facts,  Mr  Faraday  concluded  that  the  centre  <^^ 
magnetic  action  or  the  true  pole  of  the  needle  is  not  placed  i»— 
its  extremity,  but  in  its  axis  at  a  little  distance  from  the  et^ ' 
tremity  and  towards  the  middle, — that  this  point  has  a  tfl^* 
dency  to  revolve  round  the  wire,  and  necessarily  therefore  th  ^ 
wire  round  the  point.  And  as  the  same  effects  in  the  opposite  ^ 
direction  take  place  with  the  other  pole,  Mr  Faraday  codcIu 

Roution  of  that  each  pole  had  the  power  of  acting  on  the  wire  byitsd 

round^tbe    *^^  ^^^  ^  *"y  P*''*  ^f  ^^^  needle  or  as  connected  with 
B«anet.      opposite  pole.     The  attractions  and  repulsions,  he  vicwi 

merely  as  exhibitions  of  the  revolving  motion  in  difl*erent  ptfti 

of  the  circle. 

•  They  will  be  found  in  the  12th  volume  of  the  Journal  of  the  Row 
Institution. 
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After  many  uneucceasful  attempts,  Mr  Faraday  at    Pwtll. 
last  succeeded  ia  verifjing  the  existence  of  this  re- 
VolTin^  motioQ  by  the  following  ingeniouB  apparatus. 
A  small  quantity  of  mercary  was  pot  into  the  bottom 
of  the  tube  A,  (see  fig.  in  the  margin,)  closed  below 
witli  a  cork,  and  a  small  magnet,  b,  was  passed 
^tbroagfa  tlie  cork,  and  made  to  project  above  the  but- 
fikce  of  the  mercurj'.     A  piece  of  clean  copper  wire, 
e,  was  taken  about  two  inches  in  length,  and  amalga- 
mated at  both  ends.     A  small  loop  is  forme    at  one 
end,  by     hicb  it  was  suspended  from  a  wire,  passing 
through  a  cork  in  the  upper  extremity  of  the  tube, 
and  terminating  in  another  loop.      This  gfiro  the 
copper  wire  free  motion.     It  was  of  such  a  length,  that  the 
*ooTeable  end  just  dipped  into  the  mercury.     The  mercury 
^rtt  now  connected  with  one  of  the  poles  of  a  galvauic  battery 
^jneaju  of  the  magnet,  while  the  wire  at  the  top  of  the  tube 
wu  connected  with  the  other  pole.     The  moveable  copper 
■•ife  immediately  began  to  revolve  round  the  magnetic  pole, 
**d  cootinued  to  do  so  as  long  as  the  contact  continued.     On 
iinngiDg  the  magnetic  pole  from  the  centre  of  motion  to  the 
'He  of  the  wire,  there  was  neither  attraction  nor  repuluon ; 
"tt  the  wire  endeavoured  to  pass  off  in  a  circle,  still  leaving 
«  pole  for  its  centre,  and  that  cither  on  one  side  or  the  other» 
"Cording  to  circumstances. 

All  the  directions  of  the  motion  are  reducible  to  two.   When 

'  ^ViTent  of  electricity  passes  tfarough  the  wire,  the  north  pole 

""'■tes  in  one  direction,  and  the  south  pole  in  the  other.    Sup- 

f^^  the  extremity  of  the  moveable  wire  dipping  into  the  mer- 

'    *ivy  to  be  negative,  then  the  motion  is  in  the  same  direction 

.  "lat  of  the  hands  of  a  watch,  if  we  suppose  the  watch  lying 

V*^  its  face  corresponding  with  the  surface  of  the  mercury  in 

!?•  tube.     If  the  lower  point  of  the  moveable  wire  be  positive, 

""^  revolution  takes  place  in  the  contrary  direction.     If  the 

***  be  made  fast,  and  the  magnetic  pole  he  made  to  revolve 

^^d,  the  motion  is  simitar  and  in  the  same  direction. 

k-   "his  first  simple  arrangement  was  varied  exceedingly  by 

Faraday  and  other  persons,  and  a  great  variety  of  pieces 
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of  apparatus  contrived  to  exhibit  the  revolutions  of  magnetic 
poles  round  conducting  wires,  or  rather  indeed  of  conducting 
wires  round  magnetic  poles.*      Many  curious  and  amusing 
exhibitions  have  been  the  result,  though  very  little  has  beca 
added  to  Mr  Faraday's  original  and  important  discovery. 

We  are  indebted  to  Mr  Snow  Harrisf  for  a  set  of  exp»i— 
ments  on  the  magnetic  energy  of  different  metals,  by  whicli 
they  are  made  to  rotate  by  the  action  of  a  rotatory  horse-shc^^ 
magnet.     The  following  table  exhibits  this  energy  : — 


Rolled 
•ilver. 


39 


Rolled 
copper. 

29~ 


Cut 

copper. 


20 


Rolled 
gold. 


16 


Catt 

fine. 


Csft 

tin. 


C^ut 
lead. 


10   i  6-9  '  3-7 


Solid 
mercury. 


Cutaiul    Fluid   I   CM 
timony.  iacrcury. 


1-3    I     1 


Mr  Barlow  has  endeavoured  to  show  that  the  earth  recein 
its  magnetism  from  electricity  by  induction.^ 

Mr  Fox  has  shown  that  the  intensity  of  terrestrial  magnetis«^ 
varies  slightly  according  to  the  different  seasons  of  the  year—-! 

Mr  Faraday,  in  1831,  ascertained  that  electric  currents 
produced  by  magnets.  || 

I  ought  to  have  mentioned,  that  Blot  and  Savart  demoi 
strated,  as  early  as  1820,  the  law  according  to  which  i\^< 
attraction  or  repulsion  of  two  electrical  currents  diminiab^^ 
as  the  distance  increases.  They  showed  that  it  decreases* 
exactly  in  proportion  to  the  distance.^ 

Mr  Faraday  had  tried  whether  a  magnet  might  not  be  nutfi* 
to  rotate  round  its  axis,  but  could  not  succeed.  Ampere  showcHi 
that  the  reason  was,  that  in  Faraday's  method  of  operating 
the  current  neither  passed  in  the  magnet  nor  in  the  portion  of 
the  conductor  that  was  solidly  attached  to  it.     By  rectifying 
the  apparatus '  he  caused  the  magnet  to  rotate  with  gre*^ 
velocity.** 

♦  These,  it  would  not  suit  the  limited  views  of  the  author  of  this  tecy 

short  sketch,  to  describe  here.     A  considerable  number  of  them  will  be 

seen  6gured  and  described  in  Mr  Watkins*  Popular  Sketch  of  Eltdnh 

magnetism  and  Electro-dynamicSy  published  in  1828.     Taylor,  London. 

t  Phil.  Trans.  1831,  p.  85.  t  Ibid.  p.  99.  J  Ibid.  p.  199. 

I)  Ibid.  1832.  p.  163.  1  Ann.  de  Chira.  et  dc  Phjs.  xv.  232. 

•♦  Ibid.  xxii.  389. 
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Davy  made  an  important  experiment  to  show  that  the  action    Part  ll. 
of  magnets  on  conductors,  or  of  conductors  upon  other  con- 
ductors, was  entirely  owing  to  the  attractions  and  repulsions  of 
tlie  electric  current — the  matter  of  which  the  magnets  or 
conductors  were  composed,  not  contrihuting  any  thing  to  the 
effect.*     When  the  great  battery  of  the  London  Institution, 
consisting  of  2000  double  plates   of  zinc  and   copper,  was 
charged,  and  the  poles  connected  by  charcoal,  an  arc  of  elec- 
trical light,  varying  from  1  to  4  inches,  was  obtained,  of  such 
intensity  that  the  eye  could  not  support  the  glare.     When  a 
>Dagnet  was  presented  to  this  arc  of  light,  it  underwent  the 
same  action  as  a  moveable  metallic  conductor  would  have 
done ;  that  is  to  say,  it  was  attracted  or  repelled  according  to 
^^e  pole  presented,  regard  being  had  to  the  direction  of  the 
electric  current- 

About  the  year  1824,  M.  Arago  discovered  that  when  plates  Roution 
^f  Copper  and  other  substances  are  set  in  rapid  rotation  be-  ne  *"***" 
^^atb  a  magnetized  needle,  they  cause  it  to  deviate  from  its 
^^I'ection,  and  finally  drag  it  along  with  them.  This  curious 
ia.ct  was  repeated  and  verified  by  Messrs  Herschell  and 
**^bbage  in  the  year  1825.  These  gentlemen  then  mounted 
*  powerful  compound  horse-shoe  magnet  capable  of  lifting  20 
Pounds,  in  such  a  manner,  as  to  receive  a  rapid  rotation  about 
*^^  axis  of  symmetry  placed  vertically,  the  line  joining  the 
poleg  being  horizontal  and  the  poles  upwards.  A  circular 
^^Bc  of  copper,  6  inches  in  diameter,  and  0*85  inch  thick,  was 
.  ^*^pended  centrally  over  it  by  a  silk  thread  without  torsion, 
J^Bt  capable  of  supporting  it.  A  sheet  of  paper  properly 
^^'etched  was  interposed,  and  no  sooner  was  the  magnet  set  in 
^^^tion  than  the  copper  commenced  revolving  in  the  same 
^^^©ction,  at  first  slowly,  but  with  a  velocity  gradually  and 
lily  accelerating.  The  motion  of  the  magnet  being  re- 
ly the  velocity  of  the  copper  was  gradually  destroyed ;  it 
for  an  instant,  and  then  immediately  commenced  rcvolv- 
^^  in  the  opposite  direction.  This  alteration  of  direction 
^S^t  be  repeated«at  pleasure. 

•  Phil.  Truns.  IS21,  p.  425. 
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V^n  tu  Tlio  rate  of  rotation  was  not  dimiDUhcd  by  ioterpos! 
tween  the  copper  and  the  rcToIring  magnet  plates  of 
glass,  wood,  copper,  tin,  zinc,  lead,  bismuth,  or  ant 
But  it  was  greatly  diminished  when  the  substance  inte 
was  iron.  One  sheet  of  tin  plate  reduced  the  rate  oi 
tion  to  about  }th  part,  and  two  sheets  almost  destrc 
altogether. 

^^lien  discs  of  other  metals  were  substituted  for  c 
they  were  found  also  capable  of  being  made  to  rotate,  i 
with  different  degrees  of  rapidity.  The  order  of  the  di 
metals,  and  the  intensity  of  the  force  of  each,  tliat  of  < 
being  reckoned  1,  was  as  follows: — 


Fflict. 

Copper 
Zinc     . 
Tin 

I 

0-1)0 
0  47 

l^md   . 

0-25 

Antimony     . 

• 

0-1 1 

Hiiniutli 

OOl 

Wood 

0H)0 

When  these  di^cs  were  cut  with  a  pair  of  eci^fors  in ' 
radii,  stretching  from  the  circuiuferi'nce  ne;irlv  to  the  * 
the  force  was  greatly  weakened ;  but  it  was  nearlv  n 
again  by  soldering  these  intervaU  with  any  metal  what* 

Silrer  was  found  to  hold  a  high  rank  anions  the  ineta 
gokl  a  very  low  one.  Mercury  lies  between  antimo: 
bismuth.  The  only  other  sulistance  in  which  nnv  tr.i 
magnetism  has  been  perceived  besides  the  metal.*,  i.4  cl 
in  that  curious  state  in  which  it  i«  deposited  at  a  rvA  hei 
coal  gas,  lining  the  retorts  and  rendering  them  gn 
usclexts. 

Cop|>er  rcvi»lving  produced  no  effect  upon  copp«*r. 
always  ncceMsary,  in  order  that  motion  should  U*  pro 
that  one  of  the  iHidies  nhould  be  a  magnet.  It  is  ob%iot. 
this  that  mairnetisni  is  iiitrcHluced  into  co|>|ier,  and  the 
metals  eimply  by  induction.  Mesjtrs  Habba^re  and  lie 
have  explainctl  in  a  very  ingenious  manner,  how  in  cunse< 
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of  thif  magnetism  by  induction,  the  rotation  produced  in  these   Cha|>.  u 
eiperimeDts  may  be  explained.* 

These  experiments  hare  been  repeated,  and  some  intcrest<» 
kg  new  &cts  discovered  concerning  such  rotations  by  Mr 
Soow  Harris.f 

I  consider  it  unnecessary  to  continue  this  historical  sketch 
my  farther.     The  numerous  and  important  facts  respecting 
decstro-magnetism  which  have  been  ascertained  within  these 
iew  years,  could  hardly  be  understood  without  entering  into 
details  which  will  come  in  better  in  a  subsequent  chapter  of 
this  work.     But  it  would  be  unpardonable  not  to  mention  the 
important  labours  of  Faraday,  which  have  thrown  so  much 
figlit  upon  almost  every  department  of  electricity,   which 
have  corrected  so  many  mistakes,  and  determined  so  many  first 
principles.     These  have  been  consigned  in  fourteen  memoirs, 
published  successively  in  the  Philosophical  TransactioHs  be- 
tween the  years  1832  and  1839,  both  inclusive.^ 
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^here  are  some  properties  of  bodies,  so  essential  (so  to 
^^k)  to  their  existence,  that  we  can  scarcely  conceive  them 
*  00  Wanting  without  destroying  the  body  altogether.  Thus 
(^  is  extended  and  possessed  of  weight.  Nor  can  we  conceive 
^  metal  to  exist  at  all  if  we  were  to  suppose  it  to  be  deprived 
*"  **feii«ioii.  There  are  other  properties  not  so  essential  to 
*®  existence  of  bodies.     They  may  be  wanting,  or  they  may 

^hil.  Trans.  1825,  p.  467.     See  also  yaluablo  experiments  on  the 
■^  •ul^cct  by  Mr  Christie,  Ibid.  p.  497. 
J  ^il.  Trans.  1831.  p.  497. 

J[  ^.  1832,  pp.  125,  163  ;  1833,  pp.  23, 507.  675  j  1834,  pp.  55,  77, 
*^8  1885,  pp.  41,  263  ;  1838,  pp.  1, 19,  83,  125. 
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Part  If.  be  present,  without  altering  the  nature  of  the  body  in  which 
they  occasionally  reside.     Lead  is  not  always  fluid ;  but  it 
may  be  rendered  fluid  by  heating  it  sufficiently.     Iron  does 
not  always  point  to  the  norths  but  it  may  be  made  to  do  so  bj 
communicating  magnetism  to  it,  and  then  suspending  it,  so 
that  it  is  at  liberty  to  turn  freely  in  erery  direction.    GIisb 
has  not  always  the  property  of  drawing  light  bodies  to  it,  asd 
then  repelling  them  again.     But  if  we  rub  it  with  the  dry  and 
warm  hand,  or  still  better,  if  we  rub  it  with  a  piece  of  leather 
corered  oyer  with  an  amalgam  of  zinc  and  tin,  it  acquires  thift 
property. 
Electrical        1.  Thusglass,  and  many  other  bodies,  acquire  by  frictioo  * 
what.         property  which  they  did  not  possess  before — the  property  <rf 
alternately  attracting  and  repelling  light  bodies.     Now  this  is 
the  property  which  is  distinguished  by  the  name  of  ekctriiiiW^ 
It  was  first  observed  in  amber^  to  which  the  Greeks  gafc  the 
name  of  li^^xr^o; :  hence  the  term  electricity. 

2.  If  we  make  the  excited  tube  approach  the  cheek,  ^* 
have  a  sensation  resembling  the  application  of  a  cobweb  to 
the  check. 

3.  If  we  make  our  finger  approach  within  a  small  distance 
The  ipark.  of  the  rubbed  tube,  we  hear  a  snap,  and  a  spark  passes  between 

the  tube  and  the  finger.     In  the  dark,  the  glass  tube  app«*^ 
covered  with  a  bluish  light. 

When  glass  or  any  other  substance  has  thus  acquired  tbc 
property  of  attracting  light  bodies,  it  is  said  to  be  excited. 

4.  Wliat  is  the  cause  of  the  new  properties  induced  in  thes^ 
bodies  by  friction  ?    We  are  altogether  ignorant  of  it ;  thoog»* 
a  variety  of  hypothetical  explanations  have  been  advanced* 
Some  have  ascribed  the  new  properties  to  the  agency  of  • 
peculiar  fluid,  existing  in  all  bodies,  and  called  the  electricm 
fluid ;  but  not  sensible  till  it  either  accumulates  beyond  the 
usual  quantity,  or  till  it  becomes  actually  deficient.     Othen 
suppose  the  existence  of  two  distinct  fluids,  which  they  endow 
with  certain  properties  to  enable  them  to  explain  the  electrical 
phenomena.     While  a  third  set  deny  the  existence  of  an  elec- 
tric fluid  altogether,  and  consider  the  attractions  and  repulsions 
as  mere  properties  induced  into  matter.     Whatever  the  cause 
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^f  these  new  properties  may  be,  we  may  distinguish  it,  although  Chap,  i. 
unloown,  by  applying  to  it  the  term  electricity. 

£•  Glass,  sulphur,  sealing-wax,  resins,  gums,  silk,  wool, 
luiir,  and  even  paper  and  wood,  if  well  dried,  may  be  excited 
W  friction ;  but  when  we  attempt  to  excite  a  piece  of  metal 
by  the  same  process,  we  find  it  impossible  to  succeed.  It  was 
supposed  at  first,  that  metals  were  incapable  of  being  excited 
by  friction,  and  on  this  account  all  substances  were  divided 
into  two  classes,  namely,  electrics  and  non-electrics — the  first  £iectric« 

,  ,  and  non- 

Consisting  of  those  bodies  which  may  be  excited  by  friction,  the  eiectrlct. 

Second  of  those  that  cannot.   But  it  was  afterwards  ascertained, 

^at  metals  do  not  want  the  power  of  being  excited  by  friction; 

**^t  they  are  unable  to  retain  the  electricity  after  they  have 

•^^tained  it.   If  we  place  a  plate  of  metal  upon  a  cake  of  sealing- 

^*x  or  gum  lac,  and  rub  it  with  the  fur  of  a  cat,  we  shall  find  Exciution. 

^poti  examining  it  in  the  usual  way,  that  it  has  become  excited. 

Bodies  thus  supported  on  electrics^  are  said  to  be  insulated A^^^^^^^^- 

^Qsulation  must  always  be  attended  to  when  we  wish  to  induce 

^^y  electricity  in  metallic  bodies.    Coulomb  has  shown  that  the 

^Bt  insulator  is  gum  lac.    Glass  in  order  to  insulate  should  be 

'^^naished ;  if  not,  it  does  not  insulate  except  in  dry  weather. 

^  silk  thread  in  order  to  insulate  should  be  of  some  length. 

Even  the  friction  of  fluids  upon  solid  bodies  is  sufficient  to 

^^cite  them.     Mercury  shaken  in  the  inside  of  a  glass  tube 

electrifies  the  tube.     If  a  wooden  vessel  containing  mercury 

"e  cemented  on  the  top  of  a  glass  receiver,  and  the  receiver 

*>e  exhausted  by  means  of  an  air-pump,  the  mercury  is  driven 

"y  the  atmosphere  through  the  pores  of  the  wood,  and  falls  in  . 

*  shower  into  the  receiver,  striking  against  its  sides.    The  jar 

"y  this  shower  of  mercury  is  excited.    In  like  manner,  we  can 

^cite  glass  by  blowing  on  it  with  a  pair  of  bellows.    Whether 

^^  gases  produce  electricity  when  they  rub  against  each  other, 

*5  the  case  when  two  opposite  currents  of  air  cross  each 

***er^  has  not  been  determined.   But  analogy  renders  the  thing 

^^y  probable.     In  this  way  probably  is  induced  part  of  the 

^[^ricity  which  almost  always  exists  in  the  atmosphere,  and 

^^eh  occasions  so  many  important  meteorological  phenomena. 

^*  An  excited  body  attracts  and  repels  light  bodies  at  a 
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Tarf  II.    (lis^tance — nor  is  the  effect  prevented  by  interpoBiDg  a  sol 
body.     Thus,  if  we  suspend  within  a  glass  jar,  a  small 
composed  of  tiie  pith  of  elder,  about  the  tenth  part  of  an  ino 
in  diameter,  by  a  fine*  silk  thread,  it  will  be  attrarted  to  m 
excited  (r1a.4s  tube  placed  on  the  outside  of  the  jar. 
Condurtnn      7^  tj,q  reason  whv  some  bodies  are  easilv  excited  br  frF 

atid      lion.  •  '      ^  • 

runductiirM.  tion,  while  others  cannot,  depends  upon  the  facility  with  whij 
electricity  is  capable  of  moving?  through  them.     Th rough 
former  it  moves  very  slowly  or  not  at  all — but  through  the  ial 
it  moves  with  great  facility.    The  former  are 
bad  conductors  of  ele(*tricity  ;  th(>  latter  arc  good  rondtuii 

Metals  and  charcoal,  water  an<l  all  liquids  (oils  exeepte  ^d  >. 
are  irocxl  conductors.  Melte<l  wax  and  tallow  are  good  c^Er>T> 
duct<irs;  but  these  bodies,  while  solid,  conduct  very  hacX  ly 
The  flame  of  alcohol  and  ice  are  gooil  conductors. 

Glass,  resins,  crunis,  sealing-wax,  silk,  sulphur,  preci^:^^^- 
stones^  oxides,  air,  and  ifll  trases,  are  non-eonductora,  or*  ^ 
least  very  bad  conductors. 

If  a  conductor,  how  long  sm?ver  it  may  be,  be  bronirbti  '* 
contact  (by  one  extremity)  with  an  excited  non-ronductot^— -  ^ 
instantly  takes  a  portion  of  the  electricity  from  the  non-ci^^^^ 
ductor.  Indeed,  if  the  conductor  l>e  in  communication  iv^**' 
the  earth,  the  whole  accumulated  electricity  will  soon  c»^»-* 
along  the  conductor,  and  be  dissipated  in  the  earth :  so  C  ^»-** 
we  shall  not  hi-  able  to  timl  any  traces  of  electricity  ritbetf^  ■" 
the  non*ct>ntluctor  or  conductor.  Hut  if  the  conductor  ^^ 
insulat«*d,  by  stispcndinir  it  from  silk  strings,  for  example-*  ^'^ 
HUpiMirtiuir  it  bv  cxlindcrs  of  irum  lac,  it  will  iM^come  exci*^ 

s   a  9  • 

as  well  a-*  tiie  non-cunthictor ;  and  the  electricity  will  |>^^ 
alon;^'  the  wlmle  of  it,  so  that  the  extremity  farthest  rvmc*'*'^ 
fn»m  the  i»xcit4Ml  i'h»ctrir  will  exhibit  tln»  phenomena  of  elec**^ 
I  ity  to  as  irreat  an  rxlrnt  as  the  extremity  nean^st  the  cxc***^ 
••lectric.     Sup|t«im*  nn  iron  nr  cupper  rod  twenty  or  thirty    f^^ 
in  lenirth  tn  be  su>])tMidi*il  mi  .^ilk  strin::s  and  that  an  excri**^ 
glass  tiil)i*  b«'  pi;ici»il  ill  miitart   with  i»ne  extremity  of  iL*     *'* 
other  extrciiiifv  will  iiniiicdiati^ly  exhibit  all  the  usual  pb^r***^ 
niena  of  an  excited  body.      Hut  if  we  ^ubstitutc  a  rod  of  tT^^^'* 
or  «enlinL'-wa\  in  ]»larf  nf  \hv  metallic  roil,  it  will  not  exl»  ■'^'^ 
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any  sensible  electricity  at  the  remote  end,  even  altbougb  its  j 
lenplli  should  not  exceed  a  few  iachcE. 

If  we  suspend  a  small  pith  ball  by  a  slender  metallic  wire, 
and  touch  it  with  an  excited  gla^s  tube,  we  shall  find  that  it 
will  not  retain  the  communicated  electrtcily  an  instant;  but  if 
the  pith  bitll  be  suspended  by  a  silk  thread,  it  will  retain  the 
electricity  communicated  to  it  by  an  excited  glass  tube  for  a 
consideriible  time,  if  the  day  be  dry,  and  the  air  clear,  when 
the  trial  is  made. 

Dry  air  is  a  non-conductor,  but.moist  air  is  a  conductor : 
tn*nce  the  reason  that  electrical  experiments  do  not  succeed  in 
!  liny  or  foggy  weather.     We  may,  however,  in  general  suc- 

1  d  in  producing  electrical  phenomena  whatever  be  the  state 
I  the  Atmosphere,  if  we  take  care  to  dry  all  the  substances 
uliich  we  employ,  and  keep  them  dry  by  bringing  them  into 
llic  neighbourhood  of  a  i^uod  fire;  or  by  covering  them  with 
a  thin  coating  of  tallow,  which  keeps  the  moisture  at  such  a 
dlstaocc  that  wo  may  charge  a  Lcyden  jar.  as  usual,  even  in 
B  Tery  moist  atmosphere.  If  we  use  the  tallow,  we  must  be- 
ware of  such  a  beat  as  would  melt  it,  for,  becoming  a  conductor 
by  fusion,  all  electric  action  would  be  destroyed.  This  fire 
has  the  effect  also,  by  raising  the  temperature  of  the  air,  of 
increasing  its  dryness,  and  thus  preventing  it  from  carrying 
off  the  electricity  so  rapidly  as  it  would  otherwise  do. 

8.  Electricity  does  not  alter  the  bulk  of  bodies.     The  bulk  [■■ 
of  a  piece  of  metal  is  not  increased  by  charging  it  with  eico-  •« 
tricity,  nor  does  the  hulk  of  a  glass  tube,  or  stick  of  sealing- 
wax,  alter  when  it  is  excited,  except  so  far  as  the  friction  may 

^fiaetLse  the  temperature  of  the  body. 

Ifa  Jteither  is  the  nature  of  the  electricity  altered  by  the  tem- 
JBtkturc  of  the  body  which  contains  it.  An  electric  spark 
^TOWwn  from  ire  does  not  feel  coid,  nor  does  a  spark  feel  hot 
when  drawn  from  red  hot  iron.  Oufay  was  of  opinion,  that 
a  spark  drawn  from  a  living  body  was  more  painful,  and  oom- 
rounicated  a  much  more  burning  sensation,  than  when  drawn 
from  dead  matter. 

9.  Electricity  moves  through  conducting  bodies  with  such  '' 
idity,  that  no  interval  of  time  whatever  can  be  perceived 
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P^rt  n.  during  the  transit,  how  long  soever  it  may  be.  Dr  Watson, 
and  several  other  members  of  the  Royal  Society,  made  an 
electric  charge  pass  through  a  wire,  extending  more  than  two 
miles,  or  12,276  feet.  One  gentleman  held  a  charged  Leyden 
jar  in  one  hand,  and  the  extremity  of  the  wire  in  the  other. 
Another  gentleman  held  the  other  extremity  of  the  wire  in 
one  hand,  and  with  the  other  hand  brought  a  short  iron  rod 
in  contact  with  the  knob  of  the  Leyden  phial.  The  conse- 
quence was  a  discharge  of  electricity,  and  both  the  gentlemen 
received  the  shock  at  the  same  instant  of  time.  So  that 
electricity  passes  over  a  circuit  of  two  miles  instantaneously, 
or  at  least  in  an  interval  of  time  too  short  to  be  noticed.* 
Indeed  in  one  of  Dr  Watson's  experiments  the  circuit  through 
which  the  electricity  passed  was  nearly  six  miles  in  length,  yet 
no  sensible  interval  of  time  was  taken  up  by  it  in  this  long 
extent  through  which  it  had  to  pass. 

Mr  Wheatstone  repeated  Dr  Watson's  experiments  in  a 
difiPerent  and  more  refined  manner,  and  though  he  did  not 
succeed  in  determining  the  velocity^  he  concluded  from  hia 
experiments  that  electricity  moves  through  conducting  bodies 
with  a  velocity  greater  than  that  of  light,  and  consequently 
not  slower  than  200,000  miles  in  a  second.f 
Bodies  do        iQ^  i^  j^g^  heeu  fouud  that  bodies  cannot  be  made  to  retain 

notretaiQ 

electricity  electricity  in  the  vacuum  of  an  air-pump.  The  electricity 
cuum.  flies  off  as  fast  as  it  is  evolved,  so  that  no  substance  can  be- 
come charged :  hence  it  is  obvious  that  the  presence  of  dry 
air  is  necessary  to  prevent  the  electricity  of  excited  bodies 
from  being  dissipated.  It  is  commonly  supposed  that  air  pro- 
duces this  effect  by  the  pressure  which  it  exerts  upon  the  sur- 
face of  the  excited  body.  But  it  is  much  more  natural  to 
ascribe  it  to  the  state  of  electricity  which  the  surrounding 
atmosphere  acquires.  It  has  been  demonstrated  by  the  experi- 
ments of  Mr  Canton,  and  Lord  Stanhope,  that  the  air  sur- 
rounding an  excited  body  acquires  the  same  kind  of  electricity 
with  the  body  itself.  The  intensity  of  this  electricity  of  the 
air  diminishes  inversely,  as  the  square  of  the  distance :  hence 

•  Phil.  Trans.  1747,  p.  49;  1748,  p.  491.  f  ^^^^'  ^9**,  p.  583.    : 
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J^t  a  small  distance  from  the  excited  body  it  becomes  insensi-  Chap.  L 
ble.    Now,  as  electricities  of  the  same  kind  repel  each  other, 
It  18  obvious  that  the  electricity  of  the  air  surrounding  an 
excited  body  will  repel  the  electricity  of  the  excited  body ; 
And  this  repulsion  being  the  same  on  all  sides,  it  must  have  the 
effect  of  preventing  the  electricity  of  the  excited  body  from 
^ing  dissipated.     When  this  repulsive  force  is  withdrawn 
there  is  nothing  to  oppose  the  repulsive  force  which  the  par- 
ticles of  electricity  exert  against  each  other :  hence  they  must 
K^e  immediately  dissipated. 

11.  If  we  suspend  two  small  pith  balls,  bv  means  of  very  Tfrokimia 
blender  wires,  from  a  stick  of  sealing-wax,  and  rub  the  wax  city. 
^^ith  a  dry  woollen  cloth,  the  two  balls  will  repel  each  other. 
If  ^"c  suspend  another  pith  ball,  by  a  slender  wire  from  a  stick 
^f  sealing-wax,  and  rub  it  also  with  a  dry  woollen  cloth,  this 
pith  ball,  if  brought  near  the  two  former,  will  also  be  repelled 
*^y  them.     If  we  suspend  the  pith  balls  by  slender  wires  from 
•I'y  glass  tubes,  and  rub  the  tubes  with  dry  woollen  cloth,  the 
*^8iilt  will  be  the  same — all  the  pith  balls  will  repel  each 
^•^her.     But  if  we  suspend  a  small  pith  ball,  by  a  slender  wire 
trom  a  glass  tube,  and  another  in  a  similar  way  from  a  stick 
^^  sealing-wax,  and  make  the  two  balls  approach,  after  having 
'^^>bed  the  glass  tube  and  the  stick  of  sealing-wax,  the  pith 
"*U«,  instead  of  repelling,  will  attract  each  other. 

Hence  it  is  obvious  that  the  electricity  excited  in  glass  is 
'^^fferent  from  that  excited  in  sealing-wax :  since  bodies  having 
^®  electricity  of  glass,  attract  those  having  the  electricity  of 
'^'^ng-wax ;  while  bodies  having  each,  either  the  electricity 
^  glass,  or  of  sealing-wax,  repel  each  other.  M.  Dufay,  the 
^^*^overer  of  this  most  important  fact,  distinguished  these  two 
*^ctricities  by  the  names  of  vitreous  and  resinous^  from  the 
^o  substances  in  which  he  first  perceived  them.  Dr  Franklin 
^^rwards  termed  them  positive  and  negative  electricities,  and  Potieiwwid 
^^8e  terms  have  come  into  general  use. 

^odies  charged  with  the  same  kind  of  electricity,  whether 

"P^itive  or  negative,  repel  each  other;  but  bodies  charged 

"■>  different  electricities  attract  each  other.    Bodies  charged 

"  positive  electricity,  repel  bodies  charged  with  positive 
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^■rt  II.   electricity,  and  attract  bodies  charged  with  negative  electri- 
city.    Bodies  charged  with  negative  electricity,  r^pe/  bo^es 
charged  with  negative  electricity,  and  attract  bodies  charged 
with  positive  electricity. 
Friction  12.  When  two  substances  capable  of  beinff  excited,  are 

jluj].1tip»  lutth  o  ' 

eiectrieiUea.  rubbed  against  each  other,  both  acquire  electricity,  but  each 
is  charged  with  a  different  kind.  One  becomes  positively 
electrified,  and  the  other  negatively.  This  law  holds  univer- 
sally; but  what  kind  of  electricity  each  substance  acquires 
depends  upon  the  substance  against  which  it  b  rubbed.  For 
example,  if  we  rub  dry  woollen  cloth  against  smooth  glaa$^  it 
acquires  negative  electricity,  while  the  glass  becomes  poriHvdn 
electrified.  But  if  we  rub  woollen  cloth  against  rough  glasSf 
it  acquires  positive  electricity,  while  the  glass  is  charged  with 
negative  electricity.  The  following  table  contains  a  number 
of  electric  substances  arranged  in  such  a  way,  that  when  they 
are  rubbed  against  each  other,  the  substance  first  in  the  list 
becomes  positively,  and  the  substance  below  it  negatively 
electrified : — 

1  Fur  of  a  cat,  6  Paper, 

2  Smooth  glass,  7  Silk, 

3  Woollen  cloth,  8  Lac, 

4  Feathers,  9  Rough  glass, 

5  Wood,  10  Sulphur. 

The  fur  of  a  cat  acquires  positive  electricity  against  what 
substance  soever  it  be  rubbed.  Sulphur  acquires  negative 
electricity  against  whatever  substance  it  be  rubbed.  Feathers 
acquire  negative  electricity  when  rubbed  against  the  fur  of  a 
cat,  smooth  glass,  or  woollen  cloth ;  but  they  acquire  positive 
electricity  when  rubbed  against  wood,  paper,  silk,  lac,  rough 
glass,  and  sulphur.  The  same  observation  applies  to  every 
substance  in  the  table.  It  assumes  negative  electricity  when 
rubbed  against  any  substance  above  it  in  the  table,  and  /ion- 
tive  electricity  when  rubbed  against  any  substance  below  in. 
S^dacl^  13.  When  an  insulated  conductor  is  brought  into  the 
sion.  neighbourhood  of  an  insulated  charged  conductor,  its  electri- 

city undergoes  a  new  arrangement.     The  end  of  it  next  the 
excited  conductor  assumes  a  state  of  electricity  opposite  to 
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^^K^H  tbe  excited  conductor ;  .while  the  farther  extremity  Chip.  i. 
^Hamea  the  SEime  kind  of  electricity.  Suppose  a  conductor 
^^■rged  with  positive  electricity :  the  end  of  the  insulated 
^^■ductor  next  it  becomes  negative,  and  the  end  farthest  ofl' 
^Bitivci  and  intermediate  between  these  two  points,  tliere 
^Hors  a  place  where  neither  positive  nor  negative  electricity 
^K  be  perceived.  This  place  !s  called  the  fteutral  poiut. 
^^D'his  is  the  reason  why  light  bodies  are  attracted  by  excited 
^^ktrics.  They  acquire  the  opposite  electricity,  and  of  course 
^B  attracted.  When  they  touch  the  excited  electric,  they 
^^■tiire  the  same  kind  of  electricity  which  it  has,  and  conso- 
^^■ntly  arc  repelled.  This  electricity  they  speedily  lose  by 
^^BiDg  in  contact  with  conductors  connected  with  the  eartb. 
^^pey  are  again  attracted,  again  repelled ;  and  these  alterusto 
^HrsctioDS  and  repulsions  continue  till  the  electricity  uf  the 
^Hmted  body  is  dissipated. 

^■14.  Though  friction  is  the  usual  way  of  producing  electri-  Klcetridir 
^^g,  yet  It  IS  evolved  in  many  other  ways,    it  bas  been  ascer-  fu«iuii,faui, 
^Hud  that  when  bodies  are  melted  and  allowed  to  congeal^'"'"' 
^^kn,  they  frequently  become  electric.     It  has  been  found 
^^■t  some  bodies  become  electric  by  pressure.     There  are 
^Berat  mineral  bodies,  the  most  remarkable  among  which  is 
^B  ItmrtHalin,  that  acquire  marked  electric  properties  when 
^^pir  temperature  is  elevated  a  certain  number  of  degrees ; 
^^Bch  properties  they  lose  again  when  they  are  allowed  to 
^H^    Few  chemical  combinalioits  or  decompusitiom  take  place 
^Bttiout  avolviiig  electricity.     Finally,  Volta  has  shown  that 
^BuD  two  metals  (supposing  both   insulated)  anr  placed  in 
^B^ftct  and  then  separated,  both  give  signs  of  electricity;  the 
^^B  being  always  positively,  and  the  other  negatively  eloc- 

^^'But  the  most  important  of  all  the  methods  of  evolving 
electricity  hitherto  discovered,  is  that  by  which  it  is  produced 
in  the  Voltaic  pile,  a  full  account  of  which  will  be  given  in  a 
-.ubsequeut  chapter.  At  first  it  was  considered  that  Voltaic 
li'ctricity  diifered  in  its  nature  from  electricity  evolved  by 
ii  iction ;  but  Dr  WoUaston,  in  a  set  of  experiments  contrived 

Ijntb   much   sagacity,    showed    that    both   electricities   were 
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P^tftll.  similar^  being  capable  of  producing  the  same  eflfecta.  He 
proved  also  that  the  evolution  of  both  electricities  was  owing 
to  chemical  action.*  The  subject  was  taken  up  bj  Mr 
Faraday  in  the  third  series  of  his  BesearcheM  on  Eledrieiij^,  and 
he  showed,  by  a  copious  induction,  the  identity  of  electricity 
derived  from  different  sources;  namely,  Voltaic  electricity, 
common  electricity,  thermo-electricity,  and  animal  electri- 
city, and  pointed  out  at  the  same  time  in  what  the  apparent 
differences  between  them  consists.!  Mr  Faraday  showed 
likewise  that  the  same  absolute  quantity  of  electricity  produces 
the  same  effect  upon  a  galvanometer,  t  whatever  be  its  inten- 
sity. He  showed  also,  that  the  chemical  decompositions,  (the 
decomposition  of  water  for  instance,)  like  the  magnetic  force, 
are  in  direct  proportion  to  the  absolute  quantity  of  electricity 
that  passes,  without  regard  to  the  tension.§  And  these 
results  have  been  confirmed  by  the  experiments  of  Pouillet*! 


CHAPTER  n. 

OF  ELErTRICAL  AlM'ARATl'S. 


Elkcthu'al  investigations  being  conducted  by  means  of  tb«* 
electrical  machine,  it  will  be  requisite  befon*  proceeding  ao\ 
farther  with  an  account  of  the  phenomena  of  their  invo^i^ra- 
tion,  to  give  a  aiiiort  di^cription  of  the  electrical  machines  at 
present  umhI  by  electricians. 

There  are  two  di^^tinct  kinds  of  elei*trical  machines  at  pre- 
sent employed;  namely,  the rv/in/^iro/,  and  the  plate  machine. 

The  cviindrioal  niachiiio  undoubt«*dlv  oriirinatiM  from  the 

•  iniil.  Trmn*.  imU,  p.  4JT.  f  Ibid.  le«U.  |..  2^. 

t  An  in»trunH'nt  !iv  whiih  ilit»  cltTtricitv  i»  imlimetl  umI  int-aMirvti  ij 
the  tlrdcclion  of  m  murm  lio  luNiilo,  It  will  U'  lU'^CfiU-^l  in  a  *ubic^OiS.t 
i-hapkT. 

i  rial.  Trtii*.  1^33,  ji.  4'*. 
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■  ^glass  globca  of  Mr  Haukabce.     He  fitted  them  upon  an  axis,  fhnp.  II. 
which  he  turned  roiintl  rapidly  by  means  of  a  winch,  and  sub- 
jected them  tn  the  friction  of  the  hand,  or  of  a  woollen  cloth. 
After  the  discovery  of  the  Loyden  phial,  improvements  in  this  i 

simple  apparatus  were  successively  iutrodaccd.      Oiled  silk  I 

»a8  found  to  answer  better  as  a  rubber  than  the  hand. 
Cushions  of  leather  Btuifed  with  hair  or  wool,  and  made  a3 
smooth  and  equal  as  possible,  were  found  still  preferable; 
and  Mr  Canton  discovered,  in  1762,  that  if  a  quantity  of 
amalgam  of  tin,  mised  with  some  whiting,  be  spread  upon  the 
cushion,  it  would  excite  the  globe  to  a  great  degree  with  very  J 

little  friction.*  ^^J 

It  was  gradually  found  that  gla^s  cylinders  might  be  sub-  ^^H 
-titutcd  fur  the  globes  with  advantage ;  and  these  cylinders  ^^H 
:  la^t  came  to  be  generally  substituted  fur  the  globes.  The  ^^H 
iiTnlrical  machine  at  present  used  in  this  country,  was  the  ^^^| 
ritrivance  of  Mr  Edward  Nairne,  a  very  ingenious  philoeo-  ^^^| 
^'liical  instrument-maker  in  London.  His  tirst  account  of  it  ^^^| 
ii|ipcared  in  the  Philoaophicai  Tratisaclioni  for  1774;  but  ^^^| 
he  afterwards  added  considerably  to  its   simplicity  and  its        ^^H 

Nairne'a  cylindrical  machine  consists  essentially  of  a.  glass  CjHndrldd 
i-ylinder  of  any  dimensions,  supported   on  two  gloss  pillars 
upon  a  mahogany  board.     This  glass  cylinder  has  at  one  ex- 
tremity a  winch,  with  a  handle  by  means  of  which  it  may  bo 

turned  briskly  round.     On  each  side  of  the  glass  cylinder  and  ^^_ 

parallel  to  it,  are  two  cylinders  of  tin  plate  japanned,  or  of  ^^^| 

polished  brass,  nearly  as  long  as  the  glass  cylinder,  but  not  ^^H 

so  thick,  and  terminated  at  each  end  by  a  hemispherical  sur-  ^^H 

face,  so  as  to  avoid  all  angles  or  points,  and  to  make  the  whole  ^^H 

cylinders  as  smooth  and  equable  as  possible.     These  cylinders  ^^^| 

are  supported  each  by  a  glass  pillar  of  the  same  size  and  height  ^^H 

na  the  pillars  which  support  the  glass  cylinder.     These  two  ^H 

cylinders  arc  called  the  two  prime  conductors  of  the  machine.  ^^ 

To  one  of  them  Is  fixed  the  cushioD,  which  is  to  act  as  a  \ 
rubber.     This  cushion  consists  of  lenlher  stutTed  with  hair. 


'  I'hiK  Tfiuis.  vol.  lii.  p.  <6[, 
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Part  II.  and  made  by  means  of  a  spring  to  press  equably  against  tbe 
glass  cylinder.  To  the  cushion  is  attached  likewise  a  flap  of 
black  silk,  which  covers  the  upper  part  of  the  glass  cylinder, 
and  prevents  the  electricity  from  being  dissipated  till  it  reach 
the  conductor  on  the  opposite  side.*  This  second  conductor 
is  precisely  similar  to  the  first;  only  instead  of  a  cushion  it  has 
a  number  of  pointed  brass  wires  attached  to  its  inside,  point- 
ing directly  to  the  glass  cylinder,  and  approaching  as  near  it 
as  possible,  so  as  not  to  touch  it.  The  use  of  these  pointed 
wires  is  to  draw  the  electricity  from  the  glass  cylinder,  in  pro- 
portion as  it  is  evolved,  and  to  conduct  it  to  the  conductor  to 
which  they  are  attached.  Each  of  these  conductors  has  a  cer- 
tain number  of  holes  in  its  surface,  to  which  wires,  electrome- 
ters, &c.  may  be  attached,  and  into  which  brass  knobs  may  be 
inserted  to  regulate  the  discharge  of  the  electricity. 

The  figure  in  the  margin  re- 
presents a  view  of  Naime's 
cylindrical  machine. 

In  it  a  is  the  glass  cylinder, 
and  b  V  the  two  prime  conduc- 
tors, c,  c  are  two  electrometers 
attached  to  the  two  conductors, 
to  show  that  they  are  in  diflSer- 
ent  electrical  states,  tbe  one  to 
which  the  rubber  is  attached  be- 
ing negative,  and  the  other  positive :  hence  the  two  electro- 
meters are  attracted  when  the  machine  is  worked. 

The  prime  conductor  to  which  the  cushion  is  attached  be- 
comes charged  with  negative  electricity  when  the  machine  \% 
put  in  motion ;  while  the  opposite  prime  conductor  becomes 
charged  with  positive  electricity.  That  the  machine  may  be 
capable  of  acting,  it  is  requisite  that  the  prime  conductor  to 
which  the  cushion  is  attached,  should  be  connected  with  the 
ground  by  means  of  a  metallic  chain  suspended  from  it. 


*  This  flap  is  greatly  improved  when  it  becomes  stained  with 
hence  an  old  flap  will  be  always  found  to  act  better  than  a  new  one.  Tbe 
new  one  becomes  immediately  as  good  as  the  old,  if  wc  impreg^te  it  with 
tallow. 
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Plate  machines  were  first  brought  to  n  atatc  of  perfection  Ch*f.  ttl 
f  Mr  CutbbertsoD,  when  he  settled  in  Amsterdam  about  the  pi.i, 


•  1769,     The  nbove  figure  represents  his  plate  machine, 

kpa  it  is  now  In  commou  use.     A  C  D  is  the  mahogany  stand 

tt  which  all  the  different  parts  of  the  machine  are  fixed.     C  D 

1  square  piece  of  mahogany  which  forma  the  basis  of  the 

tchioe,  about  two  feet  long,  one  broad,  and  an  inch  and  a  half 

thiclc.     To  this  bottom  two  upright  beams  or  stiles  are  fixed, 

Evhich  constitute  the  wooden  frame  of  the  macbine.     g  A,  one 

{ these  beams,  is  a  straight  wooden  Etile,  glued  fast  to  C     k 

■  is  the  other  beam  or  stile,  not  glued  as  the  former,  but  fixed 

f  three  screws — one  at  the  front  to  draw  it  close  to  C  D, 

1  two  under  the  bottom,  to  draw  the  stile  downwards  upon 

Bie  bottom,  that  it  nuiy  be  secure  against  any  motion,     n  n  is 

H  cross  piece  of  wood  which  forms  the  top  of  the  frame,  screwed 

let  to  the  two  stiles  by  two  brass  screws,  which  pass  through 

die  cross  piece  into  h  A,  by  which  means  it  can  be  drawn  so 

Ptiglit  as  to  secure  it  against  any  motion. 

This  ptatc  machine  has  four  rubbers,  two  fixed  at  the  top, 
('•Dd  two  at  the  bottom  of  the  frame,  o  is  the  spring  frame  at 
I  tbe  top,  which  contuns  the  upper  pair  of  rubbers,  and  is 
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P«>rt  II.  screwed  to  A  by  a  screw,  P.  q  is  the  spring  frame  which 
contains  the  under  pair  of  rubbers,  r,  r,  is  prepared  silk, 
sewed  to  each  rubber,  and  seen  separate  in  the  next  figure. 

a,  /,  Wy  is  the  prime  conductor,  w^  x^  is  a  solid  stick  of 
glass,  which  serves  to  support,  and  also  to  insulate  the  con- 
ductor. The  end  w  is  mounted  with  brass,  which  screws  into 
the  centre  of  the  large  ball  of  the  conductor.  ^,  py  is  a  round 
plate  of  mirror  glass,  fixed  upon  an  axis,  one  end  of  which 
turns  in  a  hole  in  the  stile  ^,  A,  and  the  other  runs  through  a 
hole  in  the  middle  of  the  stile  A,  /,  and  is  turned  by  means  of 
a  winch,  z,  which  causes  the  plate  to  revolve  and  pass  between 
the  rubbers  fixed  at  the  top  and  bottom  of  the  frame 

Fig.  1,  represents  the  spring  frame       ^'^9-  1- 
of  the  upper  cushions  on  one  side,  and 
the  silk,  for  the  sake  of  distinction,  is 
taken  off. 

Fig.  2,  represents  a  single  rubber 
with  the  silk  flap.  It  is  covered  with 
leather,  and  stuffed  with  slips  of  woollen  Fig,  2. 
cloth.  Then  a  piece  of  silk,  properly 
prepared,  and  cut  to  the  shape,  is  sewed 
fast  to  the  middle  of  the  rubber.  By 
turning  the  screw  one  way  it  will  draw 
the  rubbers  close,  and  by  turning  it  the 
other  it  will  loosen  them.  As  it  is  difficult  to  get  at  the 
head  of  this  screw  to  turn  it  with  the  fingers,  there  are  holes 
made  at  the  side  of  the  head  of  the  screw  in  which  the  end  of 
a  wire  may  be  put,  by  which  it  may  be  easily  turned.  To  fix 
the  screw  frame  and  rubbers  to  the  machine,  open  the  rubbers 
to  about  the  width  of  .half  an  inch,  then  slip  them  upon  the 
plate  so  that  the  top  comes  close  under  n,  ».  Then  put  the 
long  screw,  P,  through  the  hole  in  the  top  of  the  machine,  and 
screw  it  into  the  top  of  the  frame  of  the  rubbers,  very  tight, 
taking  particular  care  that  the  plane  of  the  rubbers  applies  to 
the  plane  of  the  plate.  This  will  hold  the  rubbers  in  their  pro- 
per place,  in,  is  a  wire  from  which  proceeds  two  or  three  silk 
cords  fastened  to  the  edge  of  the  silk  flaps,  which  serve  to 
prevent  them  adhering  to  the  odfrc  of  the  plate  while  turning. 
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Tbc!  rubbLTB,  7,  are  (constructed  exactly  as  those  already  Chmp. 
tltiscribcd,  but  are  fixed  dJllorently  tu  tbc  frame  of  tbc  machine. 
The  piece,  «,  b,  which  forma  the  bottom  of  the  frame 
fcy  ~:(i  for  the  under  rubber,  is  cut  open  from  one  side  quite  to 
the  centre  of  the  piece,  and  at  the  bottom  of  the  frame 
of  the  machine  is  a  piece  of  brass  placed  upright  with  a  male 
screw,  to  which  is  fitted  a  nut  witli  a  female  screw,  having  holes 
at  the  edi;ie  for  the  convenience  of  screwing  it  tight  by  means 
of  a  wire.     The  two  sides  with  the  rubbers,  are  placed  upon 
the  bottom  of  the  machine,  so  that  the  upright  brass  jiin  goes 
into  the  groove,  and  is  there  screwed  tight  by  the  female  nut. 
a,  t,  «■,  is  the  prime  conductor  of  the  machine.    «",  is  a  large 
lirass  ball  with  a  shank  about  an  inch  long   titled  into  the 
I'vlindric  part,  so  that  it  may  be  turned  for  the  purpose  uf 
placing  the  hole,  which  is  £een  at  one  side  of  the  ball,  in  any 
position  that  the  experiment  may  require.     This  hole  is  use- 
ful for  a  variety  of  purposes.     The  conductor  is  supported 
and  insulated  by  the  solid  glass  cylinder,  W,  x.     If  required 
at  any  time  to  be  taken  to  pieces,  the  cyhnder  part  of  the  con- 
ductor must  be  unscrewed  from  the  large  ball,  where  there  is 
a  STjuure  nut,  which  being  unscrewed,  W,  r,  may  he  taken 
out.     One  end  of  the  two  receiving  arms  or  tubes,  t,  a,  is 
screwed  into  the  large  ball  by  W,  one  having  a.  lefl-handed 
screw  so  that  the  arm  may  be  supported  by  the  shoulder  to 
prevent  it  falling  by  lis  weight.     The  two  cross  pieces  front- 
ing the  plate,  with  two  or  three  points  to  receive  the  excited    , 
fluid, nre  each  screwed  onto  their  respective  arras,  one  with  a 
right-handed  screw,  the  other  with  a  left-handed  one,  for  the 
tame  purpose  as  the  screws  at  the  other  end  of  the  arms.    The 
^Mid^  X,  of  the  glass  cylinder  is  mounted  with  a  joint,  which 
^Bn  into  the  frame  of  the  machine  opposite  the  hole  in  which 
^Bltt  axis  moves. 
^K  To  give  this  machine  all  its  energy,  the  rubbers  require  to  Aed»1(ud. 
^Hki  covered  with  amalgam.      This  is  uiade  by  taking  equal 
^^roghta  of  zinc  and  tin,  and  melting  them  in  a  crucible.    The 
melted  mixture  is  poured  into  twice  its  weight  of  mercury  in 
a  wooden  box  made  for  the  purpose.     The  box  is  to  he  well 
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Part  11.  reduced  in  a  metal  mortar  to  a  very  fine  powder,  and  after* 
wards  mixed  with  a  sufficient  quantity  of  hog's  lard  to  make 
it  into  a  paste.  I  believe  the  best  proportions  for  making 
amalgam  would  be. 


Zinc 
Tin 


8-25  parts 
7-25 
37-5 


Mercury 

Such  an  amalgam,  when  kept,  is  apt  to  crystallize.  But  it 
is  rendered  fit  for  use  by  pounding  it  in  a  mortar  before  using 
it. 

When  the  machine  is  to  be  used,  the  rubbers  should  be 
taken  ofi^  and  cleaned  by  scraping  ofi^  the  old  amalgam  with  a 
knife  and  rubbing  the  silk  with  a  cloth.  The  rubbers  should 
then  be  placed  in  a  warm  place  till  they  are  well  dried.  New 
amalgam  must  now  be  spread  on  with  a  knife.  It  should  be 
laid  on  flat  and  smooth,  and  to  such  a  thickness  that  the  sur- 
face of  the  amalgam  is  level  with  the  surface  of  the  silk,  and 
there  should  be  no  openings  or  separations  between  the  amal- 
gara  and  the  silk. 
Eiectrome-  A  variety  of  instruments  have  been  invented  for  detecting 
electricity  when  it  exists.  These  instruments  have  received 
f'^.  the  name  of  electrometers.  The  simplest  of  these 
is  the  pendulum  electrometer  represented  in  the 
margin.  It  consists  of  a  glass  road  fixed  in  a  sole, 
and  bent  at  the  top  so  as  to  form  a  hook.  From 
this  hook  hangs  a  thread  of  raw  silk,  to  the  bottom 
of  which  is  fixed  a  very  small  ball  made  of  the  pith 
of  the  elder,  quite  round  and  weighing  only  a  small 
fraction  of  a  grain.  When  an  excited  glass  rod  or 
any  similar  body  is  brought  near  this  pith  ball  it  is 
immediately  attracted,  and  the  stronger  the  elec- 
tricity the  farther  will  the  ball  be  drawn  from  the 
perpendicular. 

Another  common  and  very  useful  electrometer  is  repre- 
sented in  the  margin.  It  consists  of  two  pieces  of  straw, 
o,  a\  both  smooth  and  of  the  same  size  and  length,  sus- 
pended parallel  to  each  other,  and  at  a  very  small  distance 
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from  cacli  other  by  two  very  fine  metallic  wires  bent  Chi 
Rt  the  top  into  hooks,  «hicb  are  attached  to  two  email 
holes,  b,  fr,  in  a.  small  piece  of  raetal  lerminaling  above 
in  a  knob,  c.  When  any  excited  body  is  made  to 
touch  the  knob,  c,  the  straws,  which  are  very  light 
and  hang  freely  suspended,  acquiring  the  electricity 
of  the  touching  body  immediately  separate  from  each 
other,  and  indicate  the  existence  of  electricity.  And 
the  farther  they  separate  it  is  obvious  that  the  quantity 
of  electricity  must  be  the  greater. 
To  prevent  the  agitation  of  the  air  and  the  other  accidents 
lieh  would  speedily  derange  or  destroy  the 
,WB,  the  electrometer  is  usually  enclosed  in 
glass  box  as  hera  represented,  upon 
of  the  faces  of  which  is  pasted  a  circular 
sion  to  mark  the  degree  to  which  the  straws  ! 
karate.  The  neck  and  upper  part  of  this 
I  box  is  varnished  with  g\im  lac,  in  order 
t  it  may  insulate  the  better. 
\  Instead  of  straws,  slips  of  gold  leaf  are  employed  with  ad- 
Mtage.  Thia  constitutcg  what  is  called  Bennet's  gold  leaf 
■ometer,  which  is  a  very  delicate  instrument,  and  capable 
rlndieating  very  minute  quantities  of  electricity.  See  a 
Wription,  PAiV.  Trans.  1787,  p.  2G. 

I  In  these  and  many  other  common  electrometers  which  1 
:  it  needless  to  describe,  the  instrument  cannot  be  con- 
1  as  a  true  measurer  of  the  quantity  of  electricity,  bc- 
^  8s  tlic  two  straws  or  the  two  slips  of  gold  leaf  separate 
'her  and  further  from  each  other,  it  is  evident  that  gravita- 
9  will  act  more  and  more  powerfully  (o  bring  them  back 
[)  to  their  naturally  vertical  position :  hence  the  repulsive 
rce  of  the  straws  or  leaf  is  not  proportional  to  the  distance 
I  which  they  separate  from  each  other.  These  instrumcntB 
lonot  of  course  be  employed  to  measure  the  energy  of 
electricity. 

Hut  the  electrometer  of  Coulomb  is  free  from  this  defect. 
It  is  rrpresonted  in  the  margin.     It  consists  of  a  glass  vessel 
5  a  lid  also  of  ulnss.  in  ibc  centre  of  which  a  sratill  hole 
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is  drilled.  Through  this  hole  passes  an  untwiM* 
ed  raw  iiilk  thread  four  inches  long,  and  fixeil 
at  the  top  to  a  microtneter,  by  means  of  which 
it  may  be  turned  round  any  number  of  degrees 
at  pleasure.  To  the  silk  thread  is  attachetl  a 
very  fine  gum  lac  thread,  H,  having  at  each 
^^  extremitv  a  small  knob.     This  lac  neetUe  with 

its  kni)bs  weighs  only  .[  grain.  A  smidl  hole  is  drilled  in  th^* 
side  of  the  vessel,  at  A,  through  which  passes  a  fine  wire  ter- 
minated at  both  extremities  bv  a  knob.  Wlien  an  excited 
body  is  placed  in  contact  with  the  knob  at  A,  the  knob  at  the 
other  extremity  will  acquire  the  same  ehnrtririty  as  the  excited 
lM)dv.  This  electricitv  it  will  communicate  to  the  knob  of  the 
hic  needle  suspended  by  the  silk  thread  which  was  previously 
almost  in  contact,  and  the  two  knobs  will  repel  each  other. 
The  moveable  knob  attached  by  the  silk  thread  will  separate 
fnmi  the  other,  and  the  quantity  of  electricity  will  be  propor- 
tional to  the  distance  to  which  it  is  driven  off. 

('oulomb*s  electrical  balance  is  an  instrument  intended  to 
measure  the  quantity  of  electricity  in  bodies,  and  indispeota* 
ble  inaccurate  experiments.  /1V7.  1,  (p.  337,)  represents thi« 
instrument  as  uriirinallv  i'oii*(tructed  bv  Coulomb. 

A.  R  (\  1).  is  a  trlass  cylinder  12  inches  in  tliamctcr,  and 

12  inches  in  hci::ht.      On  the  top  of  it  is  placed  a  glass  plate 

13  inches  in  diameter,  which  entirely  covers  the  iiIsl^s  cvlinJer. 
This  plate  is  pierced  u  itli  two  holes  about  20  lines  in  diameter. 
<  )ne  of  tli(*sc  is  in  the  middlt*  at/^  on  which  is  elevatctl  a  class 
tube  24  inches  in  liei:;lit.  This  tube  is  cemented  over  the 
h«ile.y!  by  the  common  cement  used  for  electrical  machines. 
At  its  upper  end,  at  A,  14  placed  a  micrometer  of  torsion  seen 
in  detail  in  ti^nre  2.  The  upper  part  (fig.  2,)  carries  tbe 
button  A,  the  index  1,  o,  and  the  |>incers  of  suspt-nsion,  f. 
This  piece  enters  inlti  tin*  hulf  <■,  (fiir.  2.)  The  pirrr 
in  which  the  holr  (■  i*  .situated,  i<  formeil  of  a  circle,  divided 
into  'MO  dcLTces,  and  of  a  ctipper  tul>e  •!>,  which  enters  into  the 
tube  11,  solderetl  to  the  inside  of  the  upper  extretnity  of  tbe 
triass  tube,/,  A,  (fiir.  1 1.  The  pincers,  9,  (tig.  2,)  have  very 
nearly  the  form  of  the  iHiiiit  of  a  black  lead  |micil,  and  the 
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'0  iides  may  be  forced  together  by  means  of  the  ring  g.  These 
juacers  support  the  extremity  of  a  very  fine  silver  wire.  The 
other  extremity  of  thia  wire  is  Uid  hold  of  at  P  (fig.  3),  by 
the  pincers  of  the  cylinder,  P,  O,  of  copper  or  iron ;  the 
diameter  of  which  does  not  exceed  a  line,  and  the  extremity  of 
rfcich,  P,  is  slit,  fornung  a  pair  of  pincers  which  are  shut  by 
ring,  ».  The  little  cylinder  swells  out,  and  is  pierced  at  C 
through  it  the  needle,  a,  g,  (figures  I  and  3).  The 
;ht  of  this  little  cylinder  must  be  sufficient  to  stretch  the 
'er  wire  without  brejiking  it.  The  needle,  a,  p,  seen  sus- 
pended horizontally  in  figure  1,  about  the  middle  uf  the  large 
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Many  other  instruments,  chiefly  connected  with  Voltaic  and  Ch«p.  III. 
magneto-electricity,  have  been  contrived  and  are  in  constant 
use*     But  an  account  of  them  will  be  better  understood  after 
we  have  described  the  nature  and  properties  of  the  Voltaic  pile, 
than  it  would  be  at  present. 


CHAPTER  III. 


OF  THE  RATE  AT  WHICH  CHARGED  BODIES  LOSE 

THEIR  ELECTRICITY. 


For  our  knowledge  of  this  subject,  which  constitutes  an  essen- 
tial preliminary  to  all  other  electrical  investigations,  we  are 
indebted  to  the  sagacity  of  Coulomb. 

It  is  well  known  that  an  electrified  conducting  body,  though  ^*^^\*" 
msulated,  soon  loses  its  electricity.  This  is  occasioned  by  two 
causes.  1.  The  air  always  contains  conducting  bodies,  (the 
particles  of  vapour  for  example,)  which  gradually  carry  off  the 
electricity  by  coming  in  contact  with  the  electrified  body,  im- 
bibing its  electricity,  and  then  flying  off.  The  rapidity  of  the 
action  of  these  conducting  bodies  will  vary  with  their  number, 
which  is  exceedingly  different  according  to  the  different  states 
of  the  aftnosphere.  2.  No  substance  seems  to  be  absolutely 
impervious  to  electricity ;  all  seem  to  allow  it  to  pass,  though 
with  greater  or  less  rapidity :  hence  the  electricity  passes 
slowly  off  along  the  substance  employed  as  an  insulator.  The 
rapidity  with  which  it  escapes  in  this  direction,  will  depend 
upon  the  nature  of  the  insulating  body.  Glass  has  such  a 
tendency  to  condense  vapour  that  it  is  a  very  bad  insulator, 
except  in  a  very  dry  atmosphere.  It  answers  better  if  it  be 
covered  over  with  a  varnish,  which  puts  an  end  io  the  tendency 
of  vapour  to  condense  on  its  surface.  Resinous  bodies  answer 
better  as  insulators  than  any  other,  because  moisture  has  but 
little  tendency  to  be  deposited  on  them  from  the  atmosphere: 
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l^rt  II.    hence  this  great  source  of  the  loss  of  electricity  does  not  exi#t 
in  them.    Coulomb  found,  that  when  the  charge  was  not  great* 
a  small  cylinder  of  sealing-wax  or  of  lac^  about  g'^  th  of  an 
inch  in  diameter,  and  from  |thtf  to  |ths  of  an  inch  in  length, 
insulates  completely  a  sphere  of  elder  pith  about  half  an  inch  in 
diameter.     He  found  also  that  when  the  air  was  vorj-  dry,  a 
very  fine  silk  thread  passed  through  trailing  sealing-wax  in- 
sulates perfectly,  if  it  be  5  or  6  inches  long,  and  the  pith  ball 
be  not  highly  charged  with  electricity.* 
ffy  •y         1.  Coulomb's  first  set  of  experiments  were  made  to  deter- 
mnjXom  off  mine  the  rate  at  which  a  body  loses  its  electricity  by  the  contact 
^'  of  atmospherical  air.    He  suspended  to  a  very  fine  silk  thread 
covered  with  sealing-wax,  and  terminated  by  a  small  cylinder 
of  gum  lac  18  or  20  lines  long,  a  small  sphcriclo  of  elder  pith 
similar  to  that  on  the  needle  of  his  electric  balance.     He  in- 
troduced it  by  the  hole  in  the  lid  of  the  balance,  and  broogbt 
it  in  contact  with  the  pith  ball  on  the  needle.     An  insulated 
pin  with  a  large  head,  was  charged  with  electricity  and  brought 
in  contact  with  one  of  the  balls,  by  which  an  equal  quantity 
of  electricity  was  imparted  to  both.     The  two  balls  mutually 
repelled  each  other  and  separated  to  such  a  distance,  that  the 
force  of  torsion  of  the  wire  of  the  balance  was  equal  to  the 
repulsive  force  of  the  balk.     Let  us  sup]>osc  the  Imll  of  the 
needle  driven  to  the  distance  of  40^.     Uy  twisting  the  sus- 
pending wire,  he  brought  it  to  a  smaller  distance,  20  ^  for 
example.     Let  us  suppose  that  this  was  produceil  by  twisting 
the  thread  of  suspension  140^.     The  moment  of  time  when 
the  liall  corresirands  exactly  to  20^  is  nuirked.    As  the  electri- 
city is  dissi|)ated,  the  balls  in  a  few  minutes  will  U^gin  to 
approach  each  other.     To  preserve  them  always  at  the  same 
distance  of  20^,  the  suspendinu^  thread  is  untwisted,  by  means 
of  the  index,  30  degrees,  and  in  consetiuence  of  this  untwisting* 
the  balls  se|>arAte  from  carli  other  a  little  more  then  20  degnn*^. 
The  instant  that  the  h^XU  a|>proarh  each  other  within  20-  i« 
marked,  nnd  the  interval  of  time  which  has  elapsed  bctwivn 
the  two  observations,  is  accurately  noted  down.      Sup|MMH*  thi« 
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inteiral  to  be  3  minutes.  It  is  clear  that  the  repulsive  force  ci>*p*  H 
at  the  time  of  the  first  observation  was  measured  by  140  +  20 
=  160  degrees.  Three  minutes  after  it  was  measured  by  1 10 
+  20  =  130  degrees;  that  is  to  say,  it  had  diminished  30o, 
or  at  the  rate  of  10  degrees  per  minute.  As  the  mean  force 
between  the  two  observations  is  measured  by  145  degrees,  and 
as  it  diminishes  30<^  in  3',  or  10^  per  minute ;  the  electric 
force  of  the  two  balls  diminishes  -^^j  per  minute.  It  was  in 
this  way  that  Coulomb  formed  the  following  table,  represent- 
ing observations  made  on  the  28th  of  May,  the  29th  of  May, 
the  22d  June,  and  2d  July.  These  four  days  were  chosen 
because  on  them  the  heat  was  nearly  the  same,  but  there  was 
a  considerable  difierence  in  the  degree  of  moisture  existing  in 
the  atmosphere  on  each,  as  indicated  by  Saussure's  hygro- 
meter: — 
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From  the  last  column  of  the  preceding  table,  it  is  obvious,  Chap.  in. 
that  when  the  experiments  are  made  on  the  same  day,  and  in 
the  same  circumstances,  the  rate  of  electricity  lost  to  the  total 
force  is  a  constant  quantity ;  and  that  this  rate  varies  in  pro- 
portion as  the  hygrometer  indicates  a  variation  in  the  humidity 
of  the  air :  hence  it  follows,  that  for  the  same  statQ  of  the  air 
the  loss  of  electricity  is  always  proportional  to  the  electric 
density. 

It  is  obvious,  that  the  ratios  in  the  seventh  column  of  the 
preceding  table,  refer  to  the  loss  of  electricity  sustained  per 
minute  by  the  two  balls.  And  as  the  two  balls  were  equal, 
the  loss  of  electricity  sustained  per  minute  by  one  of  the  balls, 
will  be  only  half  the  quantity  given  in  this  column.  The 
mean  loss  of  electricity  sustained  by  the  two  balls  on  the  28th 
May,  being  -^^.j^  it  is  clear  that  the  loss  sustidned  by  one  of 
the  balls  will  only  be  ^. 

We  see  that  the  loss  of  electricity  from  the  contact  of  air,  Dep«idt 
depends  upon  the  moisture  contained  in  it.  For  it  is  greatest  tore, 
when  the  hygrometer  is  highest,  and  least  when  the  hygro- 
meter is  lowest.  A  more  extensive  set  of  experiments  is  still 
wanting  to  enable  us  to  determine  whether  the  loss  be  all 
owing  to  the  moisture  present ;  and  if  it  be,  at  what  rate  it 
increases  with  the  increase  of  moisture. 

Coulomb  determined  experimentally,  that  the  loss  of  elec- 
tricity per  minute  is  the  same,  whatever  the  nature  of  the 
electrified  body  may  be,  and  whatever  its  shape,  if  it  be  not 
highly  electrified.  For  in  that  case,  bodies  which  have  sharp 
edges  or  angles  lose  their  electricity  much  faster  than  bodies 
which  have  no  such  angles  or  edges. 

2.  To  determine  the  loss  of  electricity  from  imperfect  in-  ^J|J^ 
sulation,  the  natural  method  would  appear  to  be  to  employ  from  im- 
insulating  substances,  which  possess  the  property  of  insulating  S^atTon.*^ 
very  imperfectly ;  but  when  this  is  done,  the  electricity  goes 
off  so  fast,  that  there  is  not  time  for  measuring  by  means  of 
the  balance  the  rate  at  which  the  charge  diminishes.     This 
induced  Coulomb  to  employ  a  pretty  good  insulator.     The 
pith  ball  attached  to  the  needle  was  perfectly  insulated  as  in 
the  first  set  of  experiments;  but  the  ball  introduced  through 
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Put  II.  the  hole  in  the  balance,  instead  of  being  insulated,  as  in  the 
former  experiments^  by  a  small  cylinder  of  gum  lac  15  or  18 
lines  in  length,  was  supported  by  a  thread  of  raw  silk,  such 
as  it  comes  from  the  cocoon,  and  fifteen  inches  long. 

The  following  table  exhibits  the  results  of  two  seta  of 
experiments  made  precisely  as  in  the  former  table,  and  on  tke 
same  days,  as  the  dates  will  show,  namely,  the  28th  and  29th 
of  May.  The  former  table  shows  the  loss  of  electricity  on 
these  days  from  the  contact  of  air :  hence,  by  comparing  the 
first  table  with  the  second,  we  can  easily  determine  the  quan- 
tity of  electricity  lost  in  a  given  time  along  the  inftulating 
substances  employed  as  a  support : — 
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r^"^  "'  _  From  the  ingpcction  of  thia  table,  it  b  obyious  thmt  tke 
diininution  of  the  electricity,  which  is  at  first  much  more  rapid 
than  it  would  have  been,  had  it  been  produced  solely  by  the 
contact  of  the  air,  becomes  at  last,  when  the  (tensity  if 
diminished  to  a  certain  point,  precisely  the  same*  It  is  cer- 
tain from  this  that  a  silk  thread  15  inches  long,  becomes  a 
perfect  insulator,  when  the  reciprocal  action  of  the  two  balk 
is  measured,  in  the  first  experiment  of  the  second  table,  hr  a 
torsion  of  40^,  and  below  that ;  for  then  the  loss  of  electri- 
city is  only  :|y  per  minute,  the  same  as  it  had  been  obeenred 
on  the  same  day,  from  the  contact  of  air  alone.  In  the  second 
experiment  of  the  2d  table,  the  silk  thread  became  a  perfcct 
insulator  when  the  repulsive  action  of  the  two  balls  waa  70«« 
and  below ;  for  then  the  loss  of  electricity  was  only  ^  per 
minute,  as  it  had  l)een  found  the  same  day  from  the  contact 
of  the  air  alone. 


CHAPTER  IV. 


OF  THE  LAW  ACCORDINC;  TO  WHICH  ELECTRICAL 
ATTRACTIONS  AND  REPULSIONS  VARY. 


This  law  was  first  investigated  by  Coulomb  in  1785.  By  a 
sot  of  experiments  with  his  electrical  balance,  he  showed  that 
two  small  halls  charged  with  the  same  kind  of  electricity  repel 
each  other  with  a  force  varying  inversely  as  the  square  of 
their  distances  from  each  other.  He  demonstrated  abo  bT 
ex|>erinients  conducted  with  the  same  apparatus,  that  two 
balls  charged  with  ditfcrnit  kinds  of  electricity,  attract  each 
other  with  forces  varyini^  inversely  as  the  8(|uare9  of  their  dt^ 
tances  from  each  other.* 
KifwH-  I,  IIjc  foUowint;  are  the  exi>erimeots  by  which  Coaloaib 

inrnl«  on  *.     i  •       i  i   • 

•iM-trirai     demonstrated  the  law  of  euH'tncal  repulsion : — 

rvfrnUiwufl. 
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(1.)    Ha?ing  electrified  the  two  balls  of  the  balance  by  Chap,  iv. 
means  of  the  head  of  a  large  pin,  the  index  of  the  micrometer 
corresponding  with  0,  the  ball  a  of  the  needle  separated  from 
the  ball  /,  36  degrees.     (See  fig.  1.)  p.  337. 

(2.)  Having  twisted  the  suspending  wire  126  degrees,  the 
two  balls  approached  each  other,  and  remained  at  18  degrees' 
distance. 

(3.)  The  suspending  wire  being  twisted  5*67  degrees,  the 
two  balls  approached  within  8^  degrees  of  each  other. 

The  two  balls  before  being  electrified  touched  each  other, 
and  the  centre  of  the  ball,  a,  attached  to  the  needle,  is  not 
farther  distant  from  the  point  where  the  torsion  of  the  sus- 
pending wire  is  0,  than  half  the  diameter  of  the  two  balls. 
The  mlver  wire  which  suspended  the  needle  was  28  inches 
long,  and  it  was  so  fine  that  its  weight  was  only  j-^Oi  of  a 
grain.  And  Coulomb  demonstrated  that,  to  twist  this  wire 
360  degrees  the  force  requisite  at  the  point  a,  with  a  lever 
a,  n  of  four  inches  long  is  only  y^^th  of  a  grain :  hence,  as 
the  forces  of  torsion  are  as  the  angles  of  the  torsion,  the  least 
repulsive  force  between  the  two  balls,  separates  them  sensibly 
from  each  other. 

In  the  first  experiment,  the  index  of  the  micrometer  being 
at  0,  the  balls  separated  36<>.     This  occasioned  a  torsion  of 
36<>=^^th  of  a  grain.    In  the  second  experiment  the  distance 
of  the  balls  was  18<>,  but  as  the  micrometer  was  turned  126^, 
it  follows  that  at  the  distance  of  18^  the  repulsive  force  was 
144o.     Thus  when  the  distance  is  reduced  to  one  half,  the 
repulsive  force  is  quadrupled.     In  the  third  experiment,  the 
suspending  wire  was  twisted  567^,  and  the  two  balls  were 
reduced  to  the  distance  of  8^*5  from  each  other.     Here  the 
total  torsion  was  576o,  or  four  times  as  much  as  in  the  second 
experiment ;  and  there  is  only  half  a  degree  wanting  to  ren- 
der the  distance  of  the  balls  in  the  third  experiment,  one  half 
of  what  it  was  in  the  second.     Thus  it  follows  from  these  ^•'***  ■• 
tbree  experiments,  that  the  repulsive  forces  exercised  upon  ^' 
each  other,  by  two  balls  charged  with  the  same  kind  of  elec- 
^city,  are  inversely  as  the  squares  of  the  distances. 
The  electricity  of  the  two  balls  diminishes  a  little  during 
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i*«rt  1 1,  the  continuance  of  the  experiments.  Coulomb  iBcertiuned  that 
on  the  clay  on  which  the  experiments  were  made,  the  electrified 
hall:«  l>eing  in  consequence  of  their  repulsion  30^  distant  from 
each  other,  under  an  angle  of  torsion  of  50o,  approached  each 
other  1  <>  in  three  minutes.  As  he  took  only  two  minutes  to 
make  the  three  preceding  experiments,  the  error  resulting  from 
the  loss  of  electricity  may  be  neglected.  But  when  a  still 
greater  degree  of  precision  is  required,  or  when  the  day  is 
moist,  the  best  way  of  proceeding  is,  by  a  preliminary  experi- 
ment to  determine  the  loss  of  electricity  per  minute,  and  then 
to  employ  this  observation  to  correct  the  result  of  the  experi- 
ments made  on  that  day. 

The  distance  of  the  two  balls  when  they  are  separated  from 
each  other  by  their  mutual  repulsion,  is  not  accurately  mea- 
sured by  the  angle  which  they  form,  but  by  the  chord  of  the 
arc  which  joins  their  centres.  The  leTer  at  the  extremitj  of 
which  the  action  is  exercised,  is  not  measured  by  half  the 
length  of  the  needle,  or  by  the  radius ;  but  by  the  eocise 
of  half  the  angle  formed  by  the  distance  of  the  two  haDt. 
These  two  quantities,  one  of  which  is  smaller  than  the  arc, 
and  diminishes  of  course  the  distance  measured  by  that  art, 
while  the  other  diminishes  the  lever,  compensate  each  other  in 
some  respects.  When  the  arcs  are  small  as  in  the  preceding  ex- 
periments^ we  may  take  them  as  giving  the  distance  without  am- 
itible  error.  In  other  cases  a  rigorous  calculation  must  be  made. 
2.  The  balance  did  not  answer  so  well  for  determining  the 
law  of  the  attractions  of  bodies  charged  with  different  kinds  of 
eliH^tricitv :  )>ocausc  the  Imlls,  when  broucrht  within  a  certain 
distance  of  each  other,  approach  and  come  into  contact,  which 
prevented  the  attracting  force  at  different  distances  frombeinc 
observed,  ('oulomb  therefore  determined  the  attractive  forte 
lerminlnf^  by  bringing  a  small  ball  charged  with  electricity*  within  a 
rWwiriaU '^  Certain  (li^itanre  of  a  sphere  excited  by  the  opposite  electricity, 
•ttractioot.  The  attractive  force  was  measured  bv  the  number  of  vibratioos 
in  a  given  time,  in  the  ifanie  way  as  the  force  of  graritatton  in 
different  {mrts  of  the  eartir.s  surface,  i^  measured  by  the  number 
of  vibrations  of  a  |>endulum  of  a  t'iven  length.  The  apparalos 
employetl  in  these  experiments  was  the  following  :-  - 
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Fig.  1.  Chtp.  IV, 


The  needle,  /,  g,  (fig.  1),  of  gum  Isc,  was  Bugpended  bj  the 
raw  silk  thread,  i,  c,  aeiea  or  eight  inches  long.  At  the  ex- 
tremity, I,  was  fixed  perpendicularly  to  the  needle  a  small 
circle  S  or  10  lines  in  diameter,  hut  very  light  and  formed 
from  a  sheet  of  gilt  paper.  The  silk  thread  is  fixed  at  a,  to 
tbe  lowor  extremity  of  a  slip  of  wood  dried  in  the  oven,  and 
corered  with  a  coating  of  lac  varnish.  This  piece  of  wood  is 
fixed  by  screws  at  /,  to  a  frame  which  moves  along  the  rod,  o, 
E,  and  which  may  be  stopped  at  pleasure  by  means  of  the 
•crew,  t. 

G  (fig.  2),  is  8  globe  of  copper  or  pasteboard,  covered  by 
tin-foil  supported  by  four  pillars  of  glass  coated  over  with 
he  Tanush,  and  having  tbe  upper  extremities  of  each,  (that 
the  insulation  may  be  more  complete)  terminating  in  a  stick  of 
ig*wax  three  or  four  inches  long.    These  four  pillars  arc 
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Piigtii'  fixed  below  in  a  piece  of  wood  which  is  placed  on  a  miall 
table,  which  may  be  elcTated  and  lowered  at  pleasure  and  6sed 
at  the  requisite  height  for  the  experiment.  The  rod  o  E  may 
also,  by  means  of  the  screw  E,  be  fixed  at  any  height  required. 

Things  being  thus  prepared,  the  globe  G,  was  so  placed 
that  its  horizontal  diameter  G,  r,  corresponded  with  the  centre 
of  the  disc  /,  distant  from  it  some  inches.  A  spark  was  giren 
to  the  globe  by  means  of  a  Leyden  bottle,  while  at  the  same 
time  a  conducting  body  was  presented  to  the  disc  L  The 
consequence  of  this  was  evidently  that  the  disc  became  charfed 
with  an  electricity  different  from  that  of  the  globe  G  :  henoe 
when  the  conductor  was  withdrawn,  the  ^lobe  and  the  disc 
mutually  attracted  each  other. 

The  globe  G,  was  a  foot  in  diameter,  while  that  of  the  disc  4 
was  scTcn  lines ;  the  needle  /  g^  was  15  lines  long.  The  silk 
thread  s  r,  was  a  single  fibre,  such  as  is  spun  by  the  silk-worm 
8  lines  long.  Wlien  the  frame  (which  slid  along  o  E,)  was  at 
o,  the  disc  /,  touched  the  globe  at  r,  and  in  proportion  as  the 
frame  was  drawn  towards  E,  the  disc  was  withdrawn  from  the 
centre  by  quantities  given  by  the  divisions  0,  3,  6, 9, 12  inchest 
(marked  upon  the  lei|r  o  E,  but  not  given  in  the  figure,)  the 
gh>bc  was  electritied  positively,  and  of  consequence  the  6i$c 
negatively.     The  result  of  the  experiments  was  as  follows : — 

(1.)  The  disc  /,  b<*ing  3  inches  from  the  suriace  of  the 
globe,  or  9  nine  inches  from  its  centre,  gave  15  osrillationf 
in  20". 

(2.)  The  disc  being  18  inches  from  the  centre  of  the  globe, 
gave  15  oscillations  in  40'. 

(3.)  The  disc  t>einir  24  inches  from  the  centre  of  the  globe, 
gave  15  conciliations  in  60". 

Let  us  see  what  consequences  may  lie  deduced  from  tliese 
three  ex|KTim4'Dts. 

It  is  well  known  that  wIh'u  all  the  |)oints  of  a  spherical  sur- 
face act  by  an  attracting  or  ri*|>elling  force  invc^rsely  as  the 
S({uare  of  the  distancts  on  a  point  placed  at  some  distance  from 
that  surface,  the  action  is  the  same  as  if  the  whole  spbcrical 
surface  was  couceutrate<l  in  the  centre  of  the  sphere.  Asia 
the  pret*eding  ex|ieriments,  the  disc  /,  was  only  7  Unas  n 
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diameter,  and  was  never  less  than  9  inches  from  the  centre  of  Chap,  iv 
the  sphere,  we  may  without  sensible  error  suppose  all  the  lines 
which  go  from  the  centre  of  the  sphere  to  a  point  of  the  disc, 
parallel  and  equal.  Consequently  the  whole  action  of  the  disc 
may,  like  that  of  the  globe,  be  considered  as  united  to  its 
centre.  So  that  in  the  small  oscillations  of  the  needle,  the 
action  which  makes  the  needle  oscillate  will  be  a  constant 
quantity  for  a  given  distance,  and  it  will  act  in  the  direction 
of  the  line  which  joins  the  two  centres.  If  we  call  ^  the  force, 
and  T,  the  time  of  a  certain  number  of  oscillations,  we  will 

have  T,  proportional  to  —  —      But  if  d  is  the  distance  G,  /, 

from  the  centre  of  the  globe  to  the  centre  of  the  disc,  and  if 
the  attracting  forces  be  inversely  as  the  square  of  the  distance 

or  as  ^j-  it  will  follow  that  T,  will  be  proportional  to  rf,  or  to 

the  distance :  hence,  in  the  preceding  experiments,  if  the  at- 
tractive force  varies  inversely  as  the  square  of  the  distance, 
the  time  of  the  same  number  of  oscillations  should  be  as  the 
distance  from  the  centre  of  the  disc  to  the  centre  of  the  globe. 
Let  us  compare  the  experiments  with  the  theory : — 

DUtancM. 

Ist  Experiment  .  9  inches         •         20^ 

2d         do.  .18    do.  .         40" 

3d         do.  .         24    do.  .         60" 

The  distances  are  as  .         .  3,         6,         8 

The  times  as  ...         20,       40,       60 

By  theory  they  should  be  .         20,       40,       64 

The  numbers  in  the  first  and  second  experiments  correspond  Varia  m 
with  the  theory.  WTien  we  compare  the  third  with  the  first,  ^• 
the  discordancy  amounts  to  y^th.  But  it  is  necessary  to  remark 
that  these  three  experiments  occupied  about  4  minutes.  Upon 
the  day  of  the  experiments,  the  loss  of'  electricity  per  minute 
was  ^'o^*  Now,  Coulomb  demonstrated  that  when  the  density 
of  the  electricity  is  not  very  great,  the  electric  action  of  two 
electrified  bodies  diminishes  in  a  given  time  exactly  as  the 
electric  density  :  hence,  as  the  experiments  lasted  4',  and  the 
loM  was  iV  per  minute,  the  intensity  must  have  been  diminished 
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PMTt  n»  (independent  of  distance)  about  ^'^th :  hence  to  hare  the 
corrected  time  of  the  15  oscillations  in  the  last  experimentji, 
we  must  say  ^  10  :  ^  9  :  :  60'^ :  quantity  sought  =  57".  This 
differs  by  only  ^^^th  from  the  number  60"  found  by  experiment. 

Thus  it  appears  that  the  electrical  attractions  as  well  as 
repulsions  vary  inversely  as  the  sciuare  of  the  distance. 

The  experiments  of  Coulomb  have  been  repeated  and  con* 
firmed  by  Mr  Snow  Harris.*  But  in  a  subsequent  set  of 
experiments  he  found  that  the  attractions  and  repulsKms 

sometimes  varied  as  ~-^-  and  sometimes  as  - .-  ;  and  in  conse- 

a*,  a 

quence  he  throws  some  doubts  on  the  accuracy  of  Coulomb's 
experiments  ;t  but  he  does  not  appear  to  have  seen  Coulomb's 
original  experiments,  but  merely  the  abstractof  them  giren 
by  Biot  in  his  Trade  de  Phynque. 
UH  Suo-  The  late  Earl  Stanhope  showed  by  an  ingenious  set  of 
PJSI^i  experiments,  which  he  published  in  the  year  1779,  that  the 
luiwlr*^*  density  of  electricity  in  the  electrical  atmosphere  surround- 
ing an  excited  body,  diminishes  inversely  as  the  square  of  the 
distance  from  the  charged  body.  As  this  in  fact  comes  to  the 
same  thing  as  the  demonstration  of  the  rate  at  which  electrical 
attractions  and  repulsions  var)-,  made  by  Coulomb  seven  yean 
later,  or  in  the  year  1785,  electricity  is  really  indebted  to  this 
nobleman  for  this  important  discovery.  On  this  account  it 
will  be  propiT  here  to  point  out  the  steps  by  which  his  Lord- 
ship wii;<  led  tu  the  conclusion  just  stated. 

It  had  been  already  ascertained  by  Canton,  that  an  electri- 
fitMl  tMHly  communicates  its  own  electricity  to  all  the  particles 
of  air  which  come  in  contact  with  it.  These  particles  are 
immediately  ro{>elled  and  their  place  supplied  by  a  new  set  of 
aerial  |mrticles.  The  consequence  of  this  must  be,  that  the 
air  immediately  surrounding  an  excited  hoAy  must  be  alM>  ex- 
cited, and  must  |K)89«e8S  the  same  kind  of  electricity  with  the 
excited  boil  v. 

It  is  obvious  that  the  electrictil  densitv  of  this  air  must 
diminish  areordingto  its  distance  from  the  surface  of  the  excited 

*  riiil.  Traii».  IKM.  p.  238.  \  Ibid.  1830,  p.  433. 
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body :  hence  according  to  Lord  Stanhope,  the  reason  why  Chnp.  IV. 
bodies  charged  with  the  same  kind  of  electricity  repel  each 
other.  They  must  move  to  those  parts  of  their  atmospheres 
where  the  electricity  is  least.  Bodies  excited  with  different 
kinds  of  electricity,  on  the  contrary,  approach  each  other,  be- 
cause each  moves  towards  the  extremity  of  its  electrical 
atmosphere. 

The  reason  why  points  part  with  electricity  so  easily,  is 
that  they  penetrate  into  a  much  less  dense  electrical  atmo- 
sphere :  hence  the  resistance  to  the  escape  of  electricity  is 
small. 

WTien  a  body  is  placed  within  the  electrical  atmosphere  of 
another,  but  beyond  the  striking  distance,  the  end  next  the 
charged  body,  assumes  an  opposite  electricity,  while  the  end 
farthest  remote  assumes  the  same  kind  of  electricity  with  the 
excited  body,  and  there  will  be  a  neutral  point  somewhere 
between  these  two  extremities. 


(  -) 


Let  P  C,  be  a  charged  body,  and  let  A  B,  be  a  brass 
cylinder  terminating  in  hemispheres,  placed  within  the  electrical 
atmosphere  of  P  C,  but  so  far  from  it  that  a  spark  cannot  pass 
from  C  to  A;  and  let  A  B,  be  insulated.  Let  P  C,  bo 
charged  with  positive  electricity.  The  extremity  A,  will  be 
charged  with  negative  electricity,  while  the  extremity  B,  will 
be  charged  with  positive  electricity.  Between  A  and  B,  there 
will  be  a  point,  D,  which  is  neutral,  or  which  exhibits  no 
phenomena  either  of  vitreous  or  resinous  electricity.  Now, 
Lord  Stanhope  showed  by  numerous  experiments,  that  the 
place  of  the  point,  D,  varies  with  the  distance  of  A  from  C. 
And  that  it  is  always  a  fourth  point  of  an  harmonical  division 
of  the  line,  BAG,  the  other  three  points,  C,  A,  B,  being 
given. 

Ii  is  well  known  to  mathematicians,  that  three  quantities 
are  said  to  be  in  harmonical  ratio,  when  the  first  is  to  the 
third,  as  the  first  minus  the  second  is  to  the  second  minus  the 
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Length  of  A  C,    Length  of  A  D,                             ProoorUon  of  Chap.  1 V 

in  inchM.  in  inchet.  A  D,  to  A  B.  1. 

36  ?«^-Ji2=  m  »   or    ' 


112    • 

40  X  40 

120 

44  X  40. 

128    ' 

48X40 

< 

28         3i 
44  —/;■-=   13J         4i  or     ^ 


32        2^^ 

12  1 

^     ..,7         or — -- 

136  '^  34         2^ 


48  2^,^-=   14^       4?-or-i^ 


These  results  show  that  the  point  D,  is  always  such  that 
the  lines  C  B,  C  D,  C  A,  are  in  harmonic  proportion,  the 
points  C,  Ay  and  B,  being  given.  To  obtain  them  it  is  neces- 
sary that  the  air  should  be  dry.  Should  there  be  any  moisture 
in  the  atmosphere  to  carry  off  the  electricity  from  A  B,  the 
situation  of  D,  will  no  longer  be  such  as  to  divide  the  line  C 
B,  in  the  harmonic  proportion. 

It  is  obvious  enough  that  the  two  limits  of  the  point  D,  are 
the  middle  of  the  line  A  B,  and  the  nearest  extremity  A.  It 
will  be  in  the  middle  of  the  line  A,  B,  when  the  body  A  B,  is 
at  an  infinite  distance  from  P  C.  It  will  be  in  A,  when  the 
body  A  B,  touches  P  C. 

It  is  clear  that  the  position  of  D,  must  be  always  such,  that 
the  plane  passing  through  it,  will  divide  the  electricity  of  the 
body  A  B,  into  two  equal  parts,  if  the  density  of  the  electricity 
of  the  electrical  atmosphere  diminished  inversely  as  the  simple 
distance  from  the  charged  body  P  C.  Then  the  whole  of 
the  electricity  of  this  atmosphere  round  A  B,  would  be  repre- 
sented by  the  hyperbolical  area  (see  frontispiece)  A  N  Q  B, 
contained  between  the  equilateral  hyperbola  N  R  Q,  the 
asymptote  A  B,  from  the  centre  C,  and  the  ordlnates  A  N, 
and  B  Q.  And  if  the  electrical  atmosphere  had  its  electricity 
diminished  according  to  that  law,  the  point  D,  would  be  found 
by  taking  the  ordinate  D  R,  a  mean  proportional  between  A 
N,  and  B  Q.  But  if  the  electricity  of  the  electric  atmosphere 
diminishes  inversely  as  the  squares  of  the  distance  from  P  C, 
then  this  electricity  round  A  B,  will  be  represented  by  the 
hyperbolical  solid  n  N  Q  9,  formed  by  the  revolutions  of  the 
hyperbolical  space  A  N  Z  W,  round  the  asymptote  C  W. 
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P«rt_lf.  This  space  is  bounded  by  tlic  portion  of  the  equilateral  hj- 
perbola  intercepted  between  the  ordinates  A  N,  B  Q.  It  b 
n  known  property  of  this  hyperbolical  solid  n  N,  Z  r,  that  the 
area  of  any  ]>erpendicular  section  represented  by  n  A  N,  will 
be  to  the  area  of  any  other  perpendicular  section,  r  D  K,  9  B 
Q,  inversely  as  the  s({uares  of  their  respective  distance  ( A 
C,  C  I),  C  H,)  from  the  centre  C  of  the  hyperbola :  hence 
the  (juantity  of  electricity  su|>erinduced  upon  the  curved  sur- 
face of  the  insulated  cvlindrical  bodv  A  B,  at  the  distances  C 

A,  C  1),  C  B,  from  the  charjured  body  P  C,  will  be  eiactly 
proportional  to  the  areas  of  the  circular  sections  represented 
by  n  A  N,  r  D  K,  7  B  (j,  &c.  Now,  to  find  the  position  of 
the  point  1),  we  have  to  find  the  point  in  the  asymptote  C  W, 
thruugh  which  a  plane  r  D  R,  being  jmssed,  will  divide  the 
hy|)erl)olic  solid  n  N  Q  r/,  into  two  equal  (larts.  That  plane 
will  obviously  determine  the  position  of  D. 

Now,  to  di\ide'the  hyperbolical  solid  into  two  equal  halTes, 
we  have  only  to  take  D  It,  an  arithmetical  mean  between  the 
two  ordinates,  A  N\  B  Q  ;  or  the  point,  I),  is  such  that  the 
ordinate,  D  It,  is  equal  to  half  the  sum  of  the  two  ordinate!, 
A  N,  B  (j.  Or  which  i:>  the  same  thin<r,  (from  the  nature  of 
the  hyperlNiIa),  we  mu:>t  take  the  h\bcrbolical  abscissc,  C  D« 
a  mean  harnionical  proportion  between  the  two  abscisses,  C 

B,  and  ('  A.  That  is,  we  must  take  the  point,  1),  so  that 
the  whole  line,  C  B,  is  to  its  extreme  part,  C  A,  as  the  other 
extreme  ]>art,  B  D,  is  to  the  middle  part,  I)  A.  For  it  ia  a 
well  known  proposition,  that  the  reciprocals  of  quantities 
which  are  in  arithmetical  projjression.  will  hv  in  harmonica! 
pni^rression. 

That  the  plane,  U  D  r,  will  divide  the  solid  fi  N  IJ  f 
into  two  equal  parts  may  be  demonstrated  in  the  following 
nianniT  :  — 

Let  p  denote  the  ratio  of  the  circumference  of  a  circle  to 
its  diameter,  or  f  wliieh  is  the  Hime  thing)  the  ratio  of  the  area 
of  a  eirele,  to  the  .'i(|uare  of  it<«  radius. 

Tln'ii  the  cylinder,  r  V  N  w,  (whose  hei>:ht  is  A  C,  and 
the  radius  of  who!>e  Iki^c  is  N  A,)  will  evidently  be  equal  to 
p  X   N  A  X   N  A  X  A  ('. 
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The  cylinder  jt  X  R  r  will  be  equal  to;>xRDXRD   Chap.  V 
X  C  D. 

And  the  cylinder  pY  Qq=p  X  QBXQBXCB. 

Now,  from  the  nature  of  the  hyperbola,  every  rectangle 
under  any  abscisse,  and  its  correspondent  ordinate  will  be  a 
given  quantity,  which  we  shall  call  c  c.     Therefore, 

NAxAC=RDxDC=QBxBC  =  cc. 

And  the  cylinder  i;VNn=:/)XccXNA. 

orXRr  =/>  Xcc  XRD. 
y  YQy=/>XccXQB. 

Therefore,  (dividing  by  the  common  quantity,  p  X  c  c)  the 
cylinders  t?VNii,  a?XRr,  yYQ^,  are  exactly  in  the  same 
ratio  to  each  other,  as  the  ordinates  N  A,  R  D,  and  Q  B, 
respectively. 

Now,  R  D  is  an  arithmetical  mean  between  A  N  and  B  Q, 
therefore  the  cylinder  or  X  R  r,  is  an  arithmetical  mean  be- 
tween the  cylinders  t?  V  N  n  and  y  Y  Q  7.  That  is  to  say, 
r  VNn  — a:XRr  =  a;  X  R  r  —  y  Y  Q9. 

But  it  has  been  demonstrated  that  every  infinite  acute  hy- 
perbolic solid,  is  equal  to  the  cylinder  whose  base  is  the  same 
with  that  of  the  solid,  and  whose  height  is  equal  to  the  dis- 
tance between  that  base  and  the  centre  of  the  hyperbola. 
Therefore, 

r  V  N  II  =  infinite  acute  hyperbolic  solid  »  N  Z  :?. 

.rXRr  =  rRZxr. 

yYiiqzzqOlZz. 

Consequently, 
r  V  N  n— jr  X  R  r  =  n  N  Z ;?  — r  R  Z  xr  =  n  N  R  r  and^r  X  R  r— 
y  YQy=rRZ;?— ^QZzrsrRQy. 

Hence  it  follows  that  nNRr  =  rR  Q^. 

Thus  it  follows  evidently  from  the  experiments  of  Lord 
Stanhope,  that  the  density  of  the  electricity  of  electrical  at- 
mospheres diminishes  inversely  as  the  square  of  the  distance 
from  the  excited  body. 
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VmnU. 


CHAPTER  V. 

OF  THE  DISTRIBUTION  OF  ELECTRICITY  ON  BODIES. 


Coulomb  demonstrated  that  it  is  a  consequence  of  the  Iaw« 
that  the  {mrticles  of  electricity  repel  each  other  inTenely  •• 
the  square  of  their  distance,  that  the  electricity  when  accumu- 
lated in  a  conducting  body  is  distributed  totally  on  the  surface 
of  the  body,  and  that  none  of  it  exists  in  the  interior  of  the 
body.*  He  showed  likewise  the  truth  of  this  law  csperi- 
mentally. 

C«iiU«iti'i  The  electrometer  which  he  employed  for  that  purpose  was 
exceedingly  delicate.  It  was  made  in  the  following  manner. 
A  thread  of  gum  lac  wa:;  drawn  at  the  flame  of  a  candle  about 
the  thickness  of  a  stout  hair,  and  from  ten  to  twehe  lines  in 
length.  One  of  its  extremities  was  attached  to  the  thick  end 
of  a  small  pin  deprived  of  the  head.  This  pin  was  suspended 
by  a  thread  of  raw  silk,  such  as  it  is  spun  by  the  silk  worm. 
To  the  other  extremity  of  the  gum  lac  thread  was  fixed  a 
circle  of  tinsel,  about  two  lines  in  diameter.  The  whole  of 
this  electrometer  was  suspended  in  a  glass  cylinder  to  prerent 
it  from  being  nfFected  by  currents  of  air.  Its  sensibility  was 
such  that  a  force  amountintr  only  to  the  ,ouGth  part  of  a  ^rrain, 
made  it  move  more  than  90  degret's. 

To  this  electnuneter  a  small  dejrrcc  of  the  same  olectricitT 
was  tri^«'n  as  that  (»f  the  body  to  be  tried.  The  substance 
subjected  to  the  experiment  was  a  cylinder  of  solid  wood,  four 
inches  in  diameter,  pierced  by  screral  holes  of  four  lines  in 
diameter,  and  four  lines  in  depth.  This  cylinder  was  placed 
upon  a  non-conductor,  and  sevtTal  electric  s|iarks  were  given 
to  it  either  by  means  of  a  Ley  den  phial,  or  the  plate  of  an 
clectrophorus.     At  the  extremity  of  a  small  cylinder  of  gum 

*  Mrm.  Pari*,  I7m>,  p.  75. 
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lac  of  a  line  in  diameter,  was  insulated  a  small  circle  of  gilt  Chap,  v. 
paper  of  a  line  and  a  half  in  diameter. 

This  little  circle  of  gilt  paper  was  made  to  touch  the  surface  Electricity 

°     .      *  confined  to 

of  the  excited  wooden  cylinder.  It  was  then  presented  to  the  the  •urfum 
electrometer,  previously  excited  slightly  with  the  same  kind  of 
electricity  as  the  wooden  cylinder.  The  electrometer  was  for- 
cibly repelled.  It  was  then  introduced  into  one  of  the  holes  in 
the  wooden  cylinder  and  brought  in  contact  with  the  bottom, 
taking  care  not  to  touch  the  sides  of  the  hole,  nor  the  surface  of 
the  cylinder  of  wood.  When  presented  to  the  electrometer,  it 
either  gave  no  signs  of  possessing  any  electricity,  or  gave  feeble 
symptoms  of  containing  an  electricity  different  from  that  of  the 
cylinder  of  wood.  The  reason  of  this  opposite  electricity,  which 
was  only  occasionally  observed,  was,  that  when  the  little  cylinder 
of  gum  lac  is  introduced  into  the  hole,  the  electrical  action  of 
the  surface  of  the  excited  body  communicates  to  the  gum  lac, 
a  small  quantity  of  an  electricity  different  from  its  own,  be- 
cause this  small  thread  of  gum  lac  is  insulated  within  the 
sphere  of  its  activity.  The  proof  that  this  explanation  is  satis- 
factory, is,  that  if  we  touch  the  gilt  paper  circle  we  do  not 
destroy  the  small  quantity  of  electricity  which  it  possesses, 
showing  that  this  electricity  must  be  lodged  in  the  lac,  and 
not  in  the  gilt  paper.* 

We  may  take  a  hollow  sphere  of  metal,  having  in  it  a  hole 
of  a  few  lines  in  diameter,  place  it  upon  a  non-conductor,  and 
communicate  electricity  to  it  by  means  of  an  electrical  machine. 
Wlien  the  sphere  is  thus  excited,  we  may  introduce  into  its 
interior  a  small  metallic  globule  attached  to  the  extremity  of 
a  gum  lac  thread.  Upon  withdrawing  this  metallic  globule, 
and  presenting  it  to  an  electrometer  we  shall  find  that  it  has 
no  electricity  whatever,  or  that  it  has  (occasionally  for  the 
reason  already  explained)  a  feeble  electricity  of  the  opposite 
nature  from  that  of  the  metallic  sphere. 

Thus  it  appears  that  the  quantity  of  electricity  accumulated 
in  a  body,  depends  not  upon  the  quantity  of  matter  in  the 
body,  but  upon  the  extent  of  its  surface;  and  that  hollow  bodies, 

^  Mem.  Ptrif,  1786,  p.  73. 
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I'lre  I  f .  however  thin,  may  he  charged  with  just  a.-*  much  eloctricitj 
as  hoJiivs  of  tliu  same  Mirface,  and  qutic  IiIIlmI  with  matter. 
Advantai^o  is  takiMi  of  this  important  fact  in  ronstrurtin^  the 
prime  conductors  of  eh*ctrical  machines,  which  arcalwavd  made 
holltiw  and  thin  for  the  sake  of  lightness. 

There  is  a  curious  enou^^h  experiment,  which  scrvm  to  »hov 
that  electricity  is  cimtined  to  the  surface  of  hodie^,  and  which 
therefore  mav  he  mentioned  here.     Let  M  N,  he  an  insuUteJ 

conductor,  nioveahle  on  an  axis.    _/-  ^  ^ 

Let  a  metallic  rihhon  Ite  rolled 

on  this  cvlinder  to  the  extremity 

of  which    is    attached   a    silk  ^ 

thread  D.     To  this  conductor 

let  a  sensible  elci-trometer  he 

attached,  composed  of  two  metal 

or  linen  threads,  to  the  extremities  of  which  two  pith  b^tll 

sphericles  are  attached.     When  electricil/  is  c«tmmunicated 

to  this  conductor,  the  pith  halls  immediately  repel  each  other. 

I'nridl  the  rihimn  hy  puHin«:  the  silk  thread  I)  ;  in  proportion 

as  the  rilihon  is  unrolled,  the  pith  halU  approach,  and  if  the 

weather  he  dry,  all  ^iLMl^  of  electricity  disap]>car  iihen  the 

rih!).»!i  is  unnilled  ;  a!iiltlie  halUhenin  aiu'w  to  >cparate,  when 

the  rihlioii  i.-«  airaiii  mlled  on,  and  dl\erire  as  far  a>  e\er  «l:cn 

matters  are  re?ti)n*.l  to  tlieir  oriirinal  state. 

Kleetrieitv,  then,  is  all  deposited  on  the  surface  of  bodies 
and  the  onK  ohr'taele  to  its  lea\in*:  that  surface  and  bclnj  i:;- 
stantly  dissipated,  is  the  pressure  i»f  the  atun»>;*!;ert».* 

Couloinh  pni\ed  hy  \ery  -iuiple  hut  eoiivliuiiiL'  experimem*, 
that  eleetri«*;?\  di'po^itei  it -elf  on  hoilii*s  accordirii:  to  their 
^urfa^l^  that  it  has  n(»  aliiuit\  or  attructiun  for  one  hodv  more 


•I  to  thr 


*  Stiicilv  "i-i  .ikiii^  liiiTi'  i»  aii'iilit  r  «>1i»t.u-li'.  It  i«  tin- (litF.«'ii!iv  «i;lH 
w^i'.i'li  I'lii-f  til  it\  |n-.-i  «  .il««:i«'  «"irt.ii!i  luiiiii-^.  Tl  i-  -i  iMii*  to  !«  ••Wiii^  ;.» 
«iiiii*-l)ii!i;»'  ]iki-  all  .fllii'^ii'ii  )ii>tu<-i-ii  tl.f  «iirt'ji*i*  oi'  tin-  l»  ><1«  .iiiii  l!  i-  t]ui>'. 
Thii  \if\»  ••!  till-  «iili'>  ri  i%  -^iri  n.;t!ii  iini  )-\  iti*  «»•  il  Ln>>uii  t\ii  t,  tli^t  !^«* 
riiinlitrtiti^  I'liut  r  li.iiiiiii-tit  ■*  uiili  *.li<*  ii.ti !)":(}  <^t'  t!ii*  «*li-i'trii-iSy.  1  *..• 
uiit. •'«!'•(•  iiii>t  t'l  .1  II  r;.iiii  i-\t4-tit  iif  "iiiu!  ir  to  at:rj<.ti'iii.  ai:*-!  il  i«  prKiKa- 
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than  another ;  but  that  if  two  bodies  having  the  same  surface  Ch«p.  v. 
be  placed  in  contact,  whatever  their  nature  may  be,  they  will 
divide  the  electricity  equally  between  them.  With  this  dis- 
tinction, depending  upon  the  unknown  cause  why  some  bodies 
are  good  and  some  bad  conductors,  that  if  a  good  conductor 
touch  an  excited  body  of  the  same  surface,  it  will  instantly  take 
possession  of  one-half  of  its  surplus  electricity,  whereas  a  bad 
conductor  requires  to  be  left  a  little  while  in  contact  with  the 
excited  body,  to  be  able  to  assume  its  proper  quantity.* 

When  the  excited  body  is  a  sphere,  the  thickness  of  the 
electric  coating  ought,  from  reasons  of  symmetry,  to  be  every- 
where equal.  And  this  conclusion  is  conformable  to  experi- 
ment. 

Wlien  additional  quantities  of  electricity  are  accumulated 
upon  the  surface  of  a  sphere,  it  comes  to  the  same  thing,  as  far 
as  the  experimental  investigation  is  concerned,  whether  the 
thickness  of  the  coating  of  electricity  be  increased,  or  whether, 
the  thickness  remaining  the  same,  the  density  of  the  electri- 
city augments  on  each  point  of  the  surface.  The  first  sup- 
position is  more  conformable  to  our  notions  of  a  fluid  than  the 
second. 

Coulomb  made  a  set  of  experiments,  to  determine  the  way 
in  which  electricity  is  distributed  on  the  surface  of  bodies  of 
various  shapes.f  His  method  was  to  apply  a  small  gilt  paper 
disc  insulated  on  a  thread  of  gum  lac,  to  different  parts  of 
the  excited  body  in  succession,  and  to  measure,  by  means  of 
bis  balance,  the  quantity  of  electricity  with  which  it  became 
charged.  He  proved  by  a  set  of  experiments  equally  simple 
and  decisive,  that  the  quantity  of  electricity  with  which  the 
disc  became  charged,  was  sensibly  the  same  with  that  of  the 
point  of  the  surface  of  the  excited  body  with  which  it  had  been 
placed  in  contact,  and  that  when  the  electricity  of  an  excited 

^  Mem.  Paris,  1T8C,  p.  69. 

f  The  best  account  of  these  experiments  which  I  have  seen,  is  given  by 
Biot  in  his  Traite  de  Physique,  ii.  263.  Biot  seems  to  have  derived  his  in- 
Ibrmatioii  from  Coulomb's  manuscripts.  For  I  am  not  aware  that^hey 
were  ever  published  by  their  author^  owing  doubtless  to  the  state  of 
Fraoce  at  the  beginning  of  the  Revolution. 
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nirt  Jl.  body,  18  cither  augmented  or  dimininlietU  the  variations  on 
every  part  of  the  surface  are  pro|M>rtional  to  the  quantity  of 
electricity  already  present.  Thus,  if  on  one  part  of  a  surface 
the  electricity  be  twice  as  great  as  upon  another  part,  if  we 
double*  the  charge  or  reduce  the  charge  to  one»half,  the  first 
part  of  the  surface  will  receive  twice  as  much,  or  part  with 
twice  as  much  as  the  other  i>art. 

C'oulomb  showed  also,  that  the  quantity  of  electricity  with 
which  the  gilt  |uiper  disc  becomes  charged,  is  sensibly  the  same 
with  that  of  the  body  which  it  is  made  to  touch,  and  that  when 
two  bodies  are  brought  into  contact,  the  electricity  contained 
in  them  is  sensibly  divided  in  proportion  to  the  surface  of  each. 
He  insulatcil  a  globe  of  8  inches  diameter,  and  charged  it  with 
positive  electricity,  as  he  did  also  the  moveable  ball  of  the 
bahuice.  He  then  touched  this  globe  with  another  whose 
diameter  was  only  1  inch  ;  and  applied  this  little  globe  to  his 
l>alance.  A  torsion  of  144<>  was  necessary  to  balance  the  nv 
pulsive  force  at  a  fixed  distance.  He  next  touched  the  surface 
of  the  large  globe  in  a  tangent  direction  with  a  circular  plane, 
isolated,  and  having  a  diameter  of  16  inches.  Having  remo?ed 
this  plane,  ho  repeat ihI  the  experiment  with  a  small  globe.  A 
tor.-^ion  of  47°  was  now  sufllirient  to  balance  the  repulsive  force. 

To  u^4lcr^tantl  the  consequences  to  Ik^  drawn  from  this  ex- 
periment, we  must  recollect  that  the  surface  of  the  great  globe 
was  equal  to  that  of  4  ureat  circles,  each  8  inches  in  diameter: 
each  face  of  the  circular  plane  of  16  inches  diameter,  was 
equal  to  4  circles  of  8  inches  in  diameter,  and  as  the  piano  has 
two  faces.  Its  surface  was  exactly  double  that  of  the  sphere. 
The  elect riritv  in  the  irreat  trlolH»  before  it  was  touched  hw 
the  plane  may  be  rcpresenttnl  by  144,  and  af^er  it  wa.**  toucheil 
bv  it  by  47  :  hence,  the  elect ricitv  carried  off  bv  the  iilaoe, 
was  ol)\iously  144  —  47  =:  97.  So  that  the  plant*  carried  off 
1>7,  \ilnle  the  globe  retained  47.  But  1»7  is  \cry  nearly  doub;t- 
47.  Thus  we  see  that  the  electricity  was  dividi^l  liotwera 
thchc  two  bodies  in  proportion  to  their  surfaces. 

In  det«Tniinin<r  the  quantity  of  electricity  on  different  parts 
of  the  surface*  uf  a  body,  we  must  take  cart*  that  the  eun 
lac,  to  which  the  gilt  |ka|>er  disc  is  attached,  be  not  a  conductor ; 


DISTRIBUTION  OF  ELECTRICITY  ON  BODIES. 


3G3 


because  in  that  case,  electricity  would  accumulate  in  it,  and  Chap,  v. 
vitiate  all  the  results.  In  general,  the  lac  which  has  thd 
darkest  colour  is  the  best  for  the  purpose.  But  the  threads 
ought  to  be  examined  by  bringing  them  near  a  charged  con- 
ductor, and  then  presenting  them  at  an  electrometer.  All 
those  which  exhibit  any  symptoms  of  electricity,  ought  to  be 
rejected. 

Coulomb  determined  the  distribution  of  electricity  upon  a  Diitribu- 
steel  plate,  1 1  inches  long,  1  inch  broad,  and  half  a  line  thick,  steel  pUte. 
It  was  insulated  and  charged  with  electricity.     To  be  able  to 
touch  it  over  all  its  breadth,  the  gilt  paper  disc  was  made  an 
inch  long,  and  three  lines  broad.     He  first  applied  the  disc  to 

] — n  J  the  centre  of  the  plate,  at  C, 
then  at  1  inch  from  its  extremity. 


□ 


c 


and  he  obtained  the  following  results  : — 


Tonkms 
oUenred. 

Mesn  tnrtioniC 
in  the  middle. 

Ditto  1  inch 
from  end. 

Ratia 

Touched  in  the  middle. 
At  I  inch  from  end. 
In  the  middle. 
At  1  inch  from  end, 
In  the  middle, 

370° 

440 

350 

395 

320 

360^ 

350 

335 

440*=* 

417-5 

395 

Mean 

1-22 
1-20 
M8 

MO 

That  is  to  say,  if  the  electricity  at  the  centre  of  the  plate  be 
represented  by  1,  that  at  an  inch  from  the  end  will  be  repre- 
sented by  1*2.     So  that  they  are  nearly  equal. 

The  experiment  was  repeated  with  this  difference,  that  the 
gilt  paper  disc  was  applied  to  the  very  end  of  the  plate^  but 
still  entirely  on  the  surface  of  it.    The  results  were  as  follows : 


Tonioiu 
obsetTcd. 

Mcen  tonion* 
in  ibe  middle. 

Ditto  at  the 
end. 

Ratio. 

Touched  at  the  end. 
In  the  middle. 
At  the  end, 
In  the  middle. 
At  the  end, 

400** 

195 

390 

185 

350 

195*^ 

190 

185 

395^ 

390 

370 

Mean 

2-02 
2-05 
2-00 

2-02 
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f^>rt  I!.  That  18  to  say,  if  the  quantity  of  electricity  in  the  middle  of 
the  plate  l>c  1,  that  at  the  extremity  will  be  2*02,  or  rery 
nearly  double. 

The  experiment  was  repeated  a  third  time,  but  the  di«c 
instead  of  being  applied  at  the  extremity  of  the  plate,  was 
applied  to  the  edge  D,  so  as  to  be  equally  in  contact  with  both 
faces,     llie  result  was  as  follows : — 


Touched  in  the  middle. 
On  the  edge. 
In  the  middle, 
On  die  edge, 


TomIom  '  Mtan  tonl«i««  Ymm 
obMTTtd.  In  th&  Bidrfte. 


1175  I 
286  ' 
1137 


295^ 
285 


1175* 
1156 


Mean 


3-98 
4-05 


i 


4-01  I 


Dlftlribu- 
tlon  oil  a 
cylinder. 


That  is  to  say,  if  the  electricity  in  the  middle  be  I ,  that  at  the 
edge  is  4-01,  or  four  times  as  great.  So  that  it  containa  the 
accumulated  electricity  of  the  extremities  of  each  aide  of  tbe 
plate. 

These  ex|>criments  were  repeated  with  a  plate  of  steel,  twice 
as  long  as  the  precedin^%  but  agreeing  with  it  in  all  its  other 
dimensions.     The  result  was  cxnctlv  the  same. 

m 

It  is  obvious  from  thest*  experiments,  that  when  the  gil: 
paper  disc  is  applied  to  one  of  the  i^ides  of  the  steel  plate,  it 
only  imbibes  the  electricity  of  that  side,  and  not  of  the  other* 
We  set*  too  that  the  electricity  is  ahnost  uniformly  diffused 
upon  the  surface  uf  the  plate ;  since  the  increase  doca  not 
become  sensible  till  we  approach  within  an  inch  of  the  eod, 
and  that  the  length  or  shortness  of  the  plate  has  no  effect  upam 
this  distribution. 

The  rapid  auginentaticm  of  electricity  towartls  the  extreni- 
ties  of  plate.**,  is  not  peculiar  to  them.  It  takes  place  equally 
in  all  loiiL'  prismatic  or  cylindrical  boilies.  And  the  smalkr 
the  diameter  of  these  l)odies  is  in  profiortion  to  their  lengtli, 
the  more  rapid  is  their  auirmentation.  Coulomb  insulated  a 
cylinder  of  2  inches  in  diameter,  and  30  inches  in  length, 
terminated  b\  two  hemi^tpheres.     IK  ex|>eriments  similar 
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those  just  stated,  he  found  the  ratios  of  electricity  on  different   Ch«p.  v. 
parts  of  this  cylinder  as  follows : — 


At  the  centre     . 
At  2  inches  from  end 
At  1  inch  from  end    . 
At  the  centre  of  the  end 


1 

1-25 
1-80 
2-30 


When  the  cylinder  becomes  smaller  as  we  approach  the  ex- 
tremity, the  increase  of  electricity  becomes  still  more  rapid. 
And  when  the  extremity  becomes  elongated  like  the  point  of  a 
cone,  the  accumulation  at  that  extremity  becomes  so  great, 
that  the  resistance  of  the  air  is  not  sufficient  to  retain  it,  and 
it  escapes,  producing  sparks  of  light  which  are  visible  in  the 
dark. 

In  these  bodies  the  uniform  distribution  of  electricity  extends 
to  within  a  very  small  distance  of  the  extremity.  It  is  clear 
that  such  bodies  ought  to  lose  their  charge  of  electricity  with 
great  rapidity,  as  is  known  from  experiment  to  be  the  case. 

Coulomb  made  analogous  experiments  on  circular  plates,  ^^^j^^^ 
The  following  table  shows  the  result  of  one  of  these  trials : —  coiarpulifc 


DUUnce  fh>m  the  edge. 

6  inches  (centre  of  plate) 

4 

Bectricltj  otoerrecL 
1 

1-001 

3 

1-005 

2 

M7 

1 

1-52 

0-5 

2-07 

0 

2-90 

If  we  represent  the  distances  from  the  edge  by  at,  and  the  elec- 
trical intensities  by  y,  Biot  has  shown  that  the  relations  of  these 
to  each  other  may  be  represented  by  the  following  empirical 
formula :-« 

^  being  the  radius  of  the  plate,  and  A  and  ik  two  constants  to 
be  determined  from  observation.  We  obtain  A  by  making 
*^Oy  and  substituting  for  y,  the  value  found,  as  in  the  table. 
'^e  have, 

2-9  =  1  +  A  (1  _>«0 
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Part  11.'  If  we  take  1  inch  for  the  unity  of  length,  2  r  will  be  'equal 
to  10.  Now,  as  A&  is  very  nearly  0*3,  its  tenth  power  is  so 
small  a  quantity  that  it  may  be  neglected.  We  have  2*9  =  I 
+  A,  and  A=  1-9. 

To  determine  /m  let  us  make  a;  =z  1,  and  substitute  for  y  its 
value  1*52.  In  this  case  fi^*'^  zz  fiM  sl  quantity  too  small  to  be 
sensible.     We  have,  therefore, 

1-52=  1  +  1-9 /A  or 

But  the  calculation  agrees  better  with  experiment,  if  we  make 
fju  =  0*3. 
Why  dee-'  This  Subject  attracted  the  attention  of  M.  Poisson,  who 
diasipatrd  applied  to  it  all  the  resources  of  the  most  refined  calculus,  and 
by  points,  determined  the  thickness  of  the  coating  of  electricity  upon 
bodies  of  difierent  forms  from  the  hypothesis  that  positive  and 
negative  electricity  are  two  fluids,  the  particles  of  each  of  which 
repel  each  other  with  forces  varying  inversely  as  the  square 
of  the  distance ;  while  the  vitreous  electricity  attracts  the  re- 
sinous with  forces  varying  according  to  the  same  law.*  He 
showed  that  the  exterior  surface  of  the  electrical  coating  coin- 
cides with  that  of  the  body,  and  that  as  the  coating  is  very  thin, 
the  interior  surface  is  but  little  distant  from  it.  In  a  sphere 
both  the  exterior  and  interior  surfaces  are  spherical,  and  the 
centre  of  these  surfaces  is  the  same  with  that  of  the  centre  of 
the  body. 

In  an  ellipsoid  the  thickness  of  the  coating  at  the  extremi- 
ties of  the  two  axes  is  proportional  to  the  relative  lengths  of 
the  axes. 

The  electric  coating  acts  by  attraction  and  repulsion  on  the 
particles  of  electricity,  situated  beyond  the  surface  of  the  body, 
or  on  the  surface  of  the  body  itself.  It  attracts  them  if  of  a 
different  nature,  and  repels  them  if  of  the  same  nature.  This 
repulsion  is  exercised  against  the  particles  of  the  air,  which 
repels  the  electricity  in  its  turn,  and  keeps  it  in  its  place. 
The  repulsion  exercised  by  the  electrical  coating  is  as  the 

•  See  Mem.  de  rinstitut,  1811. 


OISTIIIUUTION  U>'  ELBCTHICITV  ON   BOUIE^. 

[Uaro  of  iU  ttiickness.     It  is  lliererore  variable  at  different   Ch>p.  V. 

lints  of  the  body,  unless  that  body  be  spherical.     And  as  it 

as  the  square  of  the  thickness,  and  as  this  thickocss 

proportional  to  the  excess  of  the  diameter  of  the  body  in  one 

:tioa  above  that  in  another,  it  may  easily  overcome  the 

tssurc  of  the  atmosphere,  and  thus  enable  the  electricity  to 

:e  its  escape  :  hence  the  reason  of  the  effect  of  points  in 

charging  bodies  charged  with  electricity.     M.  Poissson  has 

libown  that  the  repulsive  furce  of  the  electricity  at  the  summit 

of  a  cone,  if  it  could  accumulate  on  it,  would  be  Infinite. 

When  several  excited  bodies  are  placed  in  the  neighbour- MmiwI 
hood  of  each  other,  they  produce  certain  effects  upon  the  state  cited  bo 
of  the  electricity  in  each.     These  effects  have  been  also  sub-  ^ef, 
jectcd  to  calculation  by  M.  Poisson.    Ilis  analytical  investiga- 
tions were  founded  upon  the  following  general  principle  which 
he  first  announced : — 

'*  When  several  exciteti  bodies  are  brought  into  the  neigh- 
L  Iwurhood  of  each  other,  and  arrive  at  a  permanent  electrical 
tie,  it  is  necessary  that  tlic  resultants  of  the  actions  of  the 
H:trica]  coatings  which  cover  them  upon  any  point  in  the 
Interior  of  any  one  of  these  bodies,  shoidd  be  nothing.  For 
if  this  was  not  the  case,  the  combined  electricity  in  the  point 
kinder  consideration  woidd  be  decomposed,  and  the  electrical 
vtatc  would  chan;;e,  contrary  to  the  hypothesis  of  its  pcrmaD- 
eoce." 

Tliis  principle  furnishes  at  once  as  many  equations  aa  there 
are  biHlies  under  consideration,  and  as  the  problem  presents 
of  unknown  quantities.     But  the  solution  of  these  equations 

t frequently  surpasses  the  present  state  of  analytical  investiga- 
tioD.  But  M.  Poisson  has  succeeded  in  overcoming  all  the 
Analytical  difficulties  In  the  case  of  two  spheres,  placed  in  con- 
tact, or  in  the  neighhuurhood  of  each  other,  and  charged  each 
with  any  quantity  of  electricity. 
When  the  two  spheres  are  equal,  and  in  contact,  and  charged 
wttli  electricity,  whether  positive  or  negative,  calculation  shows 
that  thcnr  ia  no  free  electricity  at  the  point  of  contact  of  the 
two  spheres.  From  that  point  the  coating  of  electricity  aug- 
s  in  thickness  as  its  distance  increases  from  the  point  of 
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P*rt  ^>»  contact,  and  it  always  attains  its  maximum  at  l^O^  of  di«Uncr 
or  at  the  other  end  of  the  diameter  that  {msscs  through  thi 
{K>int  of  contact  of  the  two  »pbcros.  The  rate  at  which  the 
thickness  of  the  <  oatin);  increatfCH  de[)ends  upon  the  reUtivc 
lengths  of  the  diameters  of  the  two  spheres. 

Kxperiments  on  this  suhject  wore  made  by  (.\>ulomb  in  th^ 
way  already  described  in  the  former  part  of  this  chapter 
These  ex]ieriments  were  ccimpared  by  Poisson  with  the  resuh 
of  his  calculations,  and  found  to  accord  with  them  verv  closok 
The  following  t«-ible  shows  the  relative  thickness  of  the  coar 
ing  of  electricity  upon  two  equal  globcz*  at  different  distanot* 
from  the  point  of  contact,  as  determined  ex]>erimcntally  fai 
Coulomb,  and  by  calculation  by  Poisson : — 


Diiiribu. 
tUa  of  rlcc- 
trkltjrMi 
twofqual 


.Thickneu  of  cnattrK  t4  rlcctrtcMf  m 
dctcmkiMd  by 


Coiilomb. 

roinoa. 

Point  of  contact 

0 

0 

20** 

Insu'iisible 

Insensible 

:m) 

0-208;j 

U-1707 

i\i) 

o-nm 

n-745-2 

W 

l-OOOO 

10000* 

IHO 

I'iWul] 

11400 

The  foUowinir  tabic  exhibits  the  results  of  experiment  a  ' 
calculation  with  twtt  unequal  spheres,  the  di.inieterH  of  vLi 
wore  to  each  other  as  I  tti  2.     The  tibservations  apply  to  t 
smaller  sphere : — 


On  i«o 
ungual 


INwItitn  nf -hi* 

M   Tllf*-!  Ill  ••••••   »■■ 

|4iiiitt  t-  iii|iaitsl. 

(  uiil-inib. 

rnluiHi 

.JO*' 

In>rn^ibli' 

Ili*»i*iisibli* 

f;o 

{)'ri^<'2 

<K'>oi;:i 

w 

MHHNI 

|-<NHN» 

I  Ml 

i-;n:i:i 

i;w:r» 

Wr  see  that  in  this  rape  tin-  tbickno^  of  the  ('(uitin::  in  *' 
snmllcr  siibrrr  (ll!uni:li  in^m^ilili*  to  30**)  varies  more  u^ 
wlifu  tlw  two  ^pllcr^s  are  equal.      Tor  at  <»0*»  and  1^0"  * 
thicknesM*'*  are  to  ca<b  (ill.tr  a?  0'f)KS2  to  l'3:i.'>3,  vr  n?  I 
*2\  :  while  in  the  otlirr  rase  thcv  arc  to  i-ach  other  8»  0*7?^ 
to  l'057r»,  uT  a:?  I  to   U.     Hy  a  M»rt  of  compensation**^ 
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greater  of  the  two  spheres  experiences  less  variation  tlian  in  c 
the  csaeof  equality.  Forthe  thickness  of  the  coating,  insensihlc 
at  ii"  or  7°,  iucreases  so  rapidly  that  at  30°  it  is  ^ths  of  what 
it  is  at  90"  ;  and  from  90=  to  lOS"  the  variation  is  inseasible. 

Coulomb  compared  the  ahsolute  thickness  of  the  electrical 
i-oatiny:  on  the  two  alobes  at  900  from  the  point  of  contact. 
Ill  the  snmller  globe  he  found  it  1-25,  in  the  larger  1,  Poisson 
obtainetl  by  calculation  1-238  and  1. 

Wben  two  globes  of  different  sizes  (one  charged  with  elec- 
tricity) are  brought  in  contact  and  then  separated,  the  smaller 
one  of  the  globes  is,  compared  to  the  other,  the  smaller  Is  the 
quantity  of  electricity  which  it  c^rrios  otf.  But  this  proportion 
is  very  far  from  being  that  of  the  surfaces;  for  then  the 
coatings  of  electricity  would  be  of  equal  thickncsa  in  both, 
whereas  it  is  always  thickest  in  the  smaller  globe,  and  the 
thickness  increases  as  the  size  of  the  globe  diminishes.  But 
from  the  slowness  of  the  increase  in  Coulomb's  experiments, 
there  is  reason  to  believe  that  it  does  not  go  na  in<lcfinitcly. 

Whan  the  two  unequal  spheres  after  being  separated  from  " 
,  each  other,  are  ])Iaced  at  a  certain  distance  from  each  other,  cu 
k  Tery  curious  phenomenon  is  observable  in  the  smaller  sphere.  ** 
■To  explain  it  intelligibly,  let  us  suppose  the  electricity  of  tlie 

a  spheres  to  be  positive.  We  have  seen  that  this  electricity 
I  null  at  the  point  of  contact.     But  the  instant  we  separate 

e  two  spheres,  the  electricity  at  the  point  of  contact  of  the 

laller  sphere  hocouies  negative.  This  state  diminishes  in 
nportion  as  the  smaller  globe  is  carried  toa  grcatiT  distance 
rem  tho  large  globe,  and  at  a  ccrtam  distance,  depending  on 

I  ratio  between  the  diameters  of  llie  two  globes,  it  totally 

leppears.  Then  the  point  of  contact  of  the  smaller  globe 
in  the  same  state  as  wben  actually  in  contact.  Prom 
this  position,  if  we  increase  the  distance,  the  electricity  re- 
mains of  the  same  nature  over  the  whole  extent  of  the  globe, 
and  of  the  same  kind  as  during  the  contact.  In  the  larger 
globe,  the  electricity  continues  always  the  same  as  during  the 
eontitct.  In  an  experiment  made  by  Coulomb,  tho  diameter 
af  the  larger  globe  was  1 1  inches,  and  that  of  the  smaller  eight 
inches.     While  the  distance  between  them  was  less  than   I 
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ftr*  II-  inch»  the  point  of  contAct  of  the  smaller  globe  gare  ti|nM  of 
an  electricity  opposite  to  that  of  the  large  globe.  When  tbe 
distance  became  1  inch,  the  electricity  of  the  point  of  contact 
of  the  smaller  globe  became  null,  as  when  in  contact,  and  at 
all  greater  distances,  it  remained  of  the  same  nature  as  that 
of  the  other  sphere.  When  the  diameter  of  the  smaller  frk>be 
was  only  4  inches  (that  of  the  greater  remaining  the  aaoie). 
the  opposite  electricities  were  sensible  to  the  distance  of  two 
inches.  When  the  diameter  of  the  smaller  slobe  was  odIt  3 
inches  or  less,  the  opposite  electricities  continued  to  the  di*» 
tance  of  2  inches  5  lines,  but  not  farther. 

On  the  contrar}',  when  the  diiference  between  the  size  of  the 
two  globes  diminishes,  the  distance  at  which  the  two  electri- 
cities manifest  themselres  also  diminishes,  and  it  becomes  nail 
when  the  two  <;lobes  become  equal. 

Theae  experiments  succee<l  only  when  the  air  is  rerr  dry. 
If  it  he  moist,  the  electricity  of  the  larger  globe  eaeaptng* 
neutralizes  that  in  the  smaller  globe,  and  renders  the  pheno- 
mena  indistinct  or  quite  insensible. 
EffKt  When  two  excited  spheres  are  made  gradually  to  approeck 

»tdiMi  without  having  ever  been  in  contact,  the  thickness  of  the 
',^^1,*'^  electrical  coat  at  the  ]>oints  of  the  two  jrlobt*s  immediately 
opposite  to  each  other,  becomes  greater  and  greater,  and  in- 
creases indefinitelv  as  the  distance  between  them  diminishes 
The  pressure  on  the  atmosphere  increasinsr  as  the  square  of 
this  thickness,  mu>t  at  last  overcome  the  resistance  of  tbemir, 
and  the  fluid  passing;  from  the  one  glol)e  to  the  other,  occ^ 
sions  a  spnrk  which  appears  herore  the  two  irlobes  come  into 
contact.  The  electricity  is  different,  thouirh  of  equal  thickness 
in  each  ^IoIkn  If  the  one  is  excited  with  po^itive^  and  the 
other  with  ne^rative  ehvtririty,  it  is  positive  in  the  former  and 

neirativc  in  the  latter.     WImmi  lM>th  contain  the  same  electrictlv 

• 

(positive  f<ir  example),  tliore  takes  place  a  diH*(»mp«i«itivo  of 
the  combiiHMl  clcctricitv  in  the  irlohc  which  contains  le*sof  the 
|Misitivc  electricity  than  it  would  have  done  in  caiie  4»f  cootart. 
The  nei:ati\c  electricity  resultinir  from  this  decompositi««i 
acruuiulates  at  the  point  opposite  the  other  gloU*,  while 
latter  gloln*  remain<i  positive  throughout  its  whole  extent. 
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M.  Poisson  has  also  subjected  to  calculation  the  state  of  Cha^  v. 
the  most  remote  points  of  two  excited  globes,  when  placed  at 
a  certain  distance  from  each  other.  As  the  two  globes  approach, 
the  thickness  of  the  coating  of  electricity  in  these  points, 
approaches  more  and  more  to  what  it  would  be  at  the  instant 
of  contact.  But  as  it  arrives  at  this  limit  very  slowly,  the 
consequence  is,  that  at  very  small  distances  the  state  of  these 
points  differs  considerably  from  what  it  would  be,  if  actual 
contact  or  the  emission  of  a  spark  were  to  take  place. 

To  these  experimental  deductions  of  Coulomb,  and  calcula- 
tions of  Poisson,  may  be  added  the  following  conclusions 
determined  experimentally  by  Mr  Snow  Harris : — 

1 .  When  the  surface  of  a  charged  jar  or  conductor  is  Mr  Hmr- 
doubled,  the  force  is  reduced  to  ^,  when  tripled  to  ^,  &c.*       cIouoim. 

2.  The  same  quantity  of  electricity  produces  always  the 
same  heating  effect  whatever  be  the  tension. 

3.  When  plates  of  the  same  area  but  varying  in  length,  are 
charged  with  the  same  quantity  of  electricity,  the  intensity  is 
inversely  as  the  length  of  the  plates,  and  this,  not  only  with 
regard  to  plates,  but  also  with  cylinders. 

4.  When  the  perimeter  is  constant,  the  intensity  is  inversely 
as  the  area* 

5.  The  capacities  of  a  sphere  and  plane  circle  of  the  same 
area  are  equal.f 

It  seems  to  follow  from  the  experiments  of  Faraday,  that 
erery  atom  of  matter  is  associated  with  the  same  quantity  of 
electricity  •{  If  this  be  so,  electricity  agrees  with  heat  in  this 
particular. 

•  PhiL  Trans.  1834,  p.  219.  f  1W<1*  X  Ibid.  p.  116. 
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II. 


CHAPTER  VI. 

OF   THE    PASSAGE   OF   ELECTRICITY 
THROUGH    BODIES. 


It  has  been  already  stated  in  a  former  chapter,  that  bodies. 
with  regard  to  electricity,  may  be  diTided  into  two  aet» : 
namely,  those  through  which  it  passes  with  facility,  called 
ctmductorM  ;  and  those  through  which  it  passes  with  difficulty 
or  not  at  all,  called  mm-comluciorM.  In  reality,  no  bodv  is  a 
,  perfect  non-conductor;  for  electricity  constantly  makea  its 

escape  at  last,  whatever  the  substances  are  by  means  of  which 
we  attempt  to  confine  it:  hence  the  term  mm-^tmdmdor  is  merrly 
relative.     In  the  third  chapter  of  this  treatise  will  be  seen  the 
experiments  of  Coulomb,  showing  that  electricity  makes  its 
escape  along  the  best  insulators  that  can  be  employed ;  and 
that  the  best  insulator  or  the  worst  conductor  is  therrsiJt  qfht. 
The  best  conductors  are  the  metals ;  but  it  has  bet*n  as- 
certained that  they  differ  coiii<iderably  from  each  other  in  their 
conducting  power.     An  unexceptionable  set  of  experiments* 
on  the  conductinir  power  of  the  different  metals,  was  made  bj 
Chiidmrt    Mr  Children,  in  the  year  1814.     These  experiments  1  w»* 
mmit  oo     fortunate  enoui^h  to  witness.*     Mr  Children's  battery  con- 
dttctiffif       sisted  of  20  |mir8  of  zinc  and  copper  plates,  each  six  fee<  loo^r. 
ITt^rrnt      ^"^  ^  ^*''^*^  ^'^  inrhes  broad,  joininl  together  by  straps  of  lead, 
and  plun^etl  into  a  mixture  of  nitric  and  sulphuric  acids,  dilutnl 
with  fnnn  twenty  to  forty  limes  their  weight  of  water.     Thi* 
Imttery,  when  in  full  action,  rend<*red  a  platinum  vin-  5  fcrc 
()  inrhcri  lonir,  and  ^V/o^'*^  ^^  ^"  "'^'^  ^"  diameter,  red  hoc 
throui^liout,  Ko  that  the  itrnition  wa:*  visible  in  full  da\Ii^bt^ 
8  fiHjt  fi  inrhes  of  platinum  wire  t^j^^ths  of  an  inch  in  diamtrt^r^  ^ 
were  heatrd  red.     A  bar  of  platinum  Ith  inch  square,  and  :l^  '^^ 
inches  lonu,  was  h(Mt<Mi  red  hot  and  fuikMi  at  the  end.      J{ 

*  An  accuuiil  of  them  viill  br  found  in  Phil.  Trani.  181^  p.  363. 
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round  bar  of  the  same  metal  ^{^th  of  an  inch  in  diameter,  Chap.  vi. 
and  2^  inches  long,  was  heated  bright  red  throughout. 

To  determine  the  relative  conducting  powers  of  different 
metals,  two  wires  of  the  metals  to  be  compared  were  taken  of 
equal  diameter  and  length,  one  end  of  each  was  in  contact 
with  one  of  the  basins  of  mercury,  communicating  with  the 
poles  of  the  battery,  and  the  other  end  being  bent  to  an  angle, 
the  wires  were  connected  by  hooking  them  to  each  other.  The 
length  of  each  wire  was  8  inches,  and  its  diameter  ^^^th  of  an 
inch.     The  results  were  as  follows : — 

1.  The  wires  bebg  platinum  and  gold,  the  platinum  was 
instantly  ignited,  while  the  gold  remained  unaffected. 

2.  Gold  and  silver.     The  gold  was  ignited,  the  silver  not. 

3.  Gold  and  copper.     Both  metals  were  equally  ignited. 

4.  Gold  and  iron.  The  iron  was  ignited,  the  gold  un- 
changed. 

5.  Platinum  and  iron.  The  iron  ignited  instantly  next  the 
pole  of  the  battery.  Then  the  platinum  became  ignited  through 
its  whole  extent.  After  this,  the  iron  became  more  intensely 
ignited  than  the  platinum,  and  the  ignition  of  the  latter  de- 
creased. 

6.  Platinum  and  zinc.  The  platinum  was  ignited,  the  zinc 
was  not ;  but  melted  at  the  point  of  contact. 

7.  Zinc  and  iron.  The  iron  was  ignited ;  the  zinc  bore  the 
beat  without  fusing. 

8.  Lead  and  platinum.  The  lead  fused  at  the  point  of 
contact. 

9.  Tin  and  platinum.    The  tin  fused  at  the  point  of  contact. 

10.  Zinc  and  silver.  The  zinc  was  ignited  before  it  melted ; 
the  silver  was  not  ignited. 

From  these  experiments  it  has  been  deduced,  that  the  order 
of  these  metals  as  conductors  of  electricity  is  as  follows : — 

Silver, 

Zinc, 
fGold, 
I  Copper, 

Iron, 

Platinum. 
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y^rt  n*        Tin  and  lead  fuse  so  immediately  at  the  point  of  contJicty 

that  no  conclusion  respecting  them  could  be  drawn. 
^^^^f  But  the  most  complete  set  of  experiments  on  the  conducting 
Mr  Harrit.  powers  of  the  different  metals  are  those  of  Mr  Harris.*  He 
determined  the  degree  of  heat  induced  into  wires  of  the  same 
size  by  passing  through  them  the  contents  of  an  electric 
battery  charged  exactly  to  the  same  intensity.  This  heat  was 
measured  by  the  expansion  induced  in  a  given  rolume  of  air 
by  the  wires.  The  conducting  powers  were  considered  as  in- 
versely as  these  expansions.  The  following  table  exhibits  the 
relative  heats  measured  by  the  rise  of  a  column  of  spirits  (in  a 
tube)  pressed  upon  by  the  expanded  air : — 


TaU*of 

CMtdlKtiOf 

of 


Copper, 

Silver, 

(Sold, 

Zinc, 

Platinum, 

Iron, 

TiUf 

Lead, 

Brass, 

(k>ld  1  part,  ) 

Omper  I, 

(^old  3, 

Cupiier  I, 

Gold  1, 

Co|>|>cr  3, 

(o|>|»er  1, 

Silver  1, 

Cop|K»r  1, 

Silver  3, 


6   Copper  3,  ) 
6   Silver  1, 
9   Gold  1, 
18   Silver  1, 
30   (lold  1. 
30  ,  Silver  3, 
36 !  Gold  3, 
72  I  Silver  1, 
18    Tin  1, 

Uad  1, 
j  Tin  3, 

I^ail  1, 

Tin  1. 

Lead  3, 

Tin  1. 

Zinc  1, 

Tin  3, 

Zinc  1, 

Copper  8 

Tin 


20 

25 

15 

G 


!oppcr  8,    I 
in  1,         / 


IS 
2S 
54 
45 

•;3 

22 
IS 


If  wc  consiilfr  the  ronductinir  power  of  these  metals  as  the 
inverse  of  these  numbers,  it  will  be  as  in  the  follow  ing  table  :— 


CopjMT,  .... 

SilviT,  .... 

C<»pper  1  pari,  iiilv«>r  I  |)Brt, 
Ccrpper  1.  iiUer  3, 


I'fliMliirling 

12 
12 
12 
12 


•  Phil.  Tr*n».  1827.  p.  1 8. 
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Copper  3,  silver  1, 

Gold, 

Gold  1»  copper  3 

Gold  1,  silver  2, 

Zinc, 

Brass, 

G>pper  8,  tin  1, 

Gold  1,  copper  1 

Gold  1,  silver  1, 

Gold  3,  copper  1 

Gold  3,  silver  1, 

Tin  1,  zinc  1, 

Platinum,    . 

Iron,  . 

Tin  3,  zinc  1, 

Tin,    . 

Tin  3,  lead  1, 

Tin  1,  lead  1, 

Tin  1,  lead  3, 


Conducting  power. 

12 

8 

4-8 

4-8 

4 

4 

4 

3-6 

3-6 

2-88 

2-88 

2-1 
2-4 

2-4 

2-25 

2 

1-6 

n 

M428 
1 
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Lead, 

Probably  in  order  to  render  tbese  numbers  correct  repre- 
sentatives of  the  conducting  power  of  electricity,  they  ought 
to  be  divided  by  the  conducting  power  of  the  metals  for  heat. 

The  heat  produced  by  a  powerful  Voltaic  battery,  when  in 
full  action,  is  very  great.  Pieces  of  charcoal  are  raised  to  a 
ifrhite  heat,  even  when  surrounded  with  hydrogen  or  azotic 
gas,  and  the  light  emitted  is  so  intense,  that  the  eye  cannot 
bear  the  glare.  The  galvanic  light  is  precisely  similar  to  that 
of  the  sun.  Objects  viewed  with  it,  have  precisely  the  same 
colours,  as  when  viewed  by  the  light  of  day. 

Mr  Children's  battery  fused  and  reduced  oxides  of  tungsten 
and  molybdenum.  Columbic  acid,  oxide  of  uranium,  oxide  of 
titanium,  and  oxide  of  cerium,  were  fused  but  not  reduced. 
Iridium  weighing  7*1  grains,  was  fused  into  a  porous  globule 
whose  specific  gravity  was  18*68.*     Spinel,  gadolinite,  and 

• 

*  Large  plates  have  a  g^reat  advantage  over  a  battery  composed  of 
numerous  small  plates,  when  the  object  is  the  production  of  heat ;  ^because 
the  i&tenrity  of  the  electricity  being  much  smaller,  the  loss  is  much  less. 
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I'^ut  II.   zircon  were  fused,  magnesia  was  agglutinated ;   but  ruby, 

sapphire,  and  quartz,  were  not  affected.     Diamond  powder 

having  been  put  into  the  middle  of  some  soft  iron  wire,  it  was 

put  into  the  current,  and  kept  of  a  dull  red  heat  for  six  minutes. 

The  diamond  powder  had  disappeared ;  the  interior  of  the 

iron  was  fused  into  numerous  cavities,  and  all  that  part  of  it 

which  had  been  in  contact  with  the  diamond  was  converted 

into  blistered  steel.* 

Solid  non-       Mr  Faraday  has  shown  that  ice  and  many  other  solid  bodies 

becoming    are  nou-couductors  while  solid,  but  become  conductors  when 

wben'fuied.  rendered  fluid.t     The  following  table  exhibits  a  list  of  the 

solid  bodies  which  he  examined,  and  found  subject  to  this 

law: — X 

1.  Ice. 

2.  Potash,  protoxide  of  lead,  glass  of  antimony,  protoxide 
of  antimony,  oxide  of  bismuth. 

3.  Chlorides  of  potassium,  sodium,  barium,  strontian,  cal- 
cium, magnesium,  manganese,  protochlorides  of  copper  and 
tin,  chlorides  of  lead,  antimony,  silver. 

4.  Iodides  of  potassium,  zinc,  lead;  protiodide  of  tin;  per- 
iodide  of  mercury. 

5.  Fluoride  of  potassium. 

6.  Cyanodid^  of  potassium;  sulpho-cyanodidc  of  potas- 
sium. 

7.  Chlorate  of  potash ;  nitrates  of  potash,  soda,  barytes, 
strontian,  lead,  copper,  silver ;  sulphates  of  soda  and  lead ; 
protosulphate  of  mercury ;  phosphates  of  potash,  soda,  lead, 
copper ;  quaterphosphate  of  lime ;  carbonates  of  potash  and 
soda ;  borax,  borate  of  lead,  perborate  of  tin ;  chromate  of 
potash,  bichromate  of  potash,  chromate  of  lead ;  acetate  of 
potash. 

8.  Sulphurcts  of  antimony  and  potash. 

9.  Silicate  of  potash ;  chameleon  mineral.  This  law,  how- 
ever, does  not  hold  in  every  case.    Mr  Faraday  found  various 

When  the  2000  pairs  of  plates  battery  belonging  to  the  Royal  Institution 
was  in  action,  it  was  impossible  to  walk  across  the  room  without  being 
sensible  of  pretty  strong  shocks. 

*  Phil.  Trans.  1815,  p.  370.     +  Ibid.  1833,  p.  507.     t  Ibid.  p.  512. 
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bodies  whicli  were  non-conductors  while  cold,  and  which  con-  Cl 
tinned  non-conductora  after  they  were  rendered   liquid  by 
beat.     Tho  following  is  a  list  of  these  bodies : — * 

1.  Sulphur,  phosphorus,  iodide  of  sulphur,  periodide  of^ 
tin,  orplment,  realgar,  crystallized  acetic  acid,  mixed  mar- « 
garic  acid,  and  oleic  add,  artiGcial  camphor,  caffein,  sagar,  fu 
sdipoi^ire,  stearin  of  cocoa-nut  oil,  spermaceti,  cainphor>  naph- 
tliiilin,  rosin,  aandarach,  shell  lac. 

2.  PiTchloride  of  tin,  chloride  of  arsenic  and  itjj  hydrate, 
though  liquid,  have  no  sensible  conducting  power. 

3.  Boracic  acid,  green  bottle  glass;  but  flint  glass  in  a 
liijuid  state  conducted  a  little- 
It  appears  from  the  experiments  of  Mr  Snow  Harris,  that 

lient  diminishes  the  conducting  power  of  metala.f 

Dr  Kitcbie  has  shown  that  all  compound  bodies,  whose 
constituents  go  to  the  same  pole  when  decomposed  by  Voltaic 
electricity,  are  non-conductors:  hence  the  reason  why  oils, 
resins,  camphor,  caoutchouc,  are  non-conductors  even  when 
in  a  melted  state.  Liquid  sulphurous  acid  la  a  good  conduc- 
tor, because  its  constituents,  oxygen  and  sulphur,  go  to  oppo- 
site poles.  Liquid  ammonia  is  doubtful;  because  it  is  uncer- 
i;iiu  to  which  pole  the  azote  goes.} 

'I'his  law  of  Dr  Ritchie  explains  the  reason  why  liqnid 
(Idorino,  sulphur,  and  phosphorus,  are  non-conductors ;  but 
it  does  not  account  for  the  conducting  power  of  metals  both 
when  solid  and  liquid. 

Dr  Ritchie  conceives  tliiit  conducting  bodies  arrange  them-  ^ 
ficlviM  in  «  peculiar  way  in  order  to  allow  the  transmission  of  of 
I'lcctricity  through  them.     Let  us  suppose  a  zinc  plate  and 
copper  plate  united  together  hy  a  wire,  as 
in  the  margin,  to  he  plunged  into  water 
acidulated  with  sulphuric  acid.    The  zinc 
plate  having  a  greater  affinity  for  oxygen 
tlian   the  copper   wire,   will   attract   the  • 
[■article  of  water  in  its  neighbourhood,  so 
that  the  oxygen  extremity  of  it  will  place 

•  Phil.  Tnuis.  1933.  p.  il3.    \  IblJ.  1S34,  |i.  231.    4  Ibid.  IMii,  j..  -'TO. 
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Pwtll.  itself  in  contact  with  the  zinc,  and  of  course  the  hydrogen  side 
at  the  greatest  distance  from  it.  Let  the  white  circles  in  the 
figure  represent  the  atoms  of  oxygen,  and  the  dark  circle*  Uir 
atoms  of  hydrogen,  of  which  the  water  is  composed.  The 
row  of  particles  between  the  zinc  and  copper  plates  will 
arrange  themselves  as  in  the  figure.  And  unless  the  consti* 
tuents  of  a  compound  body  be  such,  that  they  can  arrange 
themselves  in  this  way,  the  bo<ly  cannot  conduct  electricity. 

Mr  Faraday  has  adopted  the  same  view ;  and  if  I  under- 
stand him  rightly,  he  has  extended  it  also  to  the  metals.  He 
conceives  the  ultimate  particles,  or  atoms  of  the  metals,  to 
consist  of  two  poles,  one  positive  and  the  other  negatire. 
The  negative  pole  of  the  particle  nearest  the  zinc  end  of  the 
pile  is  turned  towards  the  zinc,  and  its  positive  pole  aa  far  off 
from  the  zinc  end  as  possible.  Every  particle  arranges  itaelf 
in  the  same  way,  till  the  last  particle  turns  its  {KMitive  pole 
to  the  copper  end.  And  unless  the  particles  of  bodies  be 
capable  of  arranging  themselves  in  this  way,  they  cannot  be 
conductors. 

Were  we  to  adopt  this  ingenious  view  of  Dr  Uitchie  and 
Mr  Faraday,  it  would  go  far  to  destroy  the  notion  at  present 
prevalent,  that  electricity  is  a  fluid  or  fluids.  It  would  ratber 
seem  that  it  is  a  force  residing  at  the  poles  of  material  atoms. 

FaradaT**        Faraday  has  drawn   the   following   cimclusious   from   bis 
experiments : — 

1.  All  bodies  conduct  electricitv  in  the  same  way  froca 
metals  to  lac  and  gases,  but  in  very  different  degrees^. 

2.  (\»nductinu  power  is  in  s<mie  bodies  ptiworfuUy  increased 
by  heat,  and  in  others  diminishe<K  yet  without  our  perceiving  anv 
accompanyini;  esacntial  electrical  difference  either  in  the  bodie»« 
or  in  the  chanires  oiTJisionetl  bv  the  electricitv  conducted. 

3.  A  numerous  class  (»f  bodies,  insulating  electricity  of  low 
intensity  when  solid,  conduct  it  very  fnvly  when  fluid,  and 
are  tiirn  dec(m)poso(i  by  it. 

4.  Hut  there  an*  uianv  fluid  bodies  which  do  not  sensihlv 
conduct  elect riritv  of  this  low  intenbitv  ;  there  are  some  which 
conduct  it  without  beinir  decomposed ;  nor  is  fluidity  essential 
to  decomposition. 
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5.  There  is  but  one  body  yet  discovered,  the  periodide  of  Chap,  vi. 
mercury,  which,  insulating  a  Voltaic  current  when  solid  and 
conducting  it  when  fluid,  is  not  decomposed  in  the  latter 

case. 

6.  There  is  no  strict  electrical  distinction  of  conduction, 
which  can  yet  be  drawn  between  bodies  supposed  to  be  elemen- 
tary, and  those  known  to  be  compound.* 

I  think  it  rather  doubtful  whether  the  following  remarkable 
experiment,  for  which  we  are  indebted  to  Dr  Ritchie,  can  be 
completely  reconciled  to  these  views.  Dr  Ritchie  placed  ^J^^J|^*" 
alcohol  in  a  Voltaic  current,  and  found  it  to  undergo  decom-  Y  •**^*'^" 
position.  Olefiant  gas  was  given  ofi*  at  the  negative  pole, 
and  he  inferred  that  water  was  given  off  at  the  positive  pole.f 
Now,  as  alcohol  is  resolvable  into  olefiant  gas  and  water,  it 
can  scarcely  be  doubted  that  if  olefiant  gas  was  given  off  at 
the  one  pole,  water  must  have  been  given  off  at  the  other ;  if 
80,  the  water  must  have  acted  the  part  of  an  acid,  and  the 
olefiant  gas  that  of  a  base. 

Dr  Ritchie  has  shown  the  inaccuracy  of  the  supposed  law 
that  the  conducting  power  of  a  wire  in  the  Voltaic  battery  is 
directly  as  its  diameter,  and  inversely  as  the  square  of  its 
length.^  Davy  first  stated  that  the  conducting  power  of  a 
metallic  wire  was  inversely  as  its  length,  and  directly  as  its 
section,  and  this  law  has  been  confirmed  by  the  subsequent 
investigations  of  Pouillet  and  Ohm.§  Many  interesting  ex- 
periments on  the  subject  have  been  made  by  Mr  Snow  Harris 
and  Mr  Christie. 

Marianini,  professor  of  Physique  at  Venice,  has  made  a 
set  of  experiments  to  determine  the  relative  conductibility  of 
solutions  of  various  salts,  alkalies,  and  acids  in  water.  1  con- 
sider it  as  worth  while  to  state  his  results  as  they  are  the  best 
we  have  on  the  subject.)  I  presume  the  solutions  arc  sup- 
posed to  be  one  part  of  salt  in  100  water,  though  that  is  not 
stated: —  ' 

*Plul.Thms.  1833,p.521.  f  Ibid.  1832,  p.  285.   ;(  Ibid.  1833,  p.  313. 
$  Becquerel  Traits  de  r£lectricit^»  v.  255.        ||  Ibid.  iii.  04. 
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Raiiot  of  the  amdMctibilUy  of  different  tolutunu  to  tkmi  of 

water  taken  as  unitif. 

(The  conductihility  of  sea  water  is  VQO.J 

dktnlTfd 


Miitj«r 

«liB«  tola- 


ta  lOU  puts  waut. 

^P^^^^VVa 

Hydrocjanate  of  soda 

1(>96 

Hjdrocjanic  acid 

lS-27 

Liquid  ammonia 

26-46 

Soda 

3206 

Phofphate  of  potaah 

44-74 

Borax      •        •        •        •        . 

43-31 

Photphate  of  soda 

46-00 

Tartar  emetic 

60K)7 

Sulf^ate  of  line 

51-64 

Chlorate  of  barjtes 

53-23 

Pota«h     .         .     *  . 

56-68 

Protochloride  of  iron 

56-63 

Nitrate  of  lime 

57-00 

Acetate  of  potash 

SiHMt 

Nitrate  of  barytes 

60KH) 

Protosulphate  of  iron 

62-26 

Bitartrate  of  potash 

62HM 

Sulphate  of  magnesia 

62-64 

Acetate  of  soda 

641)9 

Bicarbonate  of  potash 

661)7 

Clilurate  of  potash    . 

GS-OO 

Carbonate  of  soda 

6lH)2 

Beuxoic  acid    .         .         •         . 

7<H>7 

Mellitate  of  ammonia 

7115 

Sulphate  of  soda 

741>2 

lienxoate  of  |M>tash   . 

76-56 

Nitrate  of  potash 

781)3 

Sulphate  of  |Mitash    . 

8U1K) 

Chloride  of  sodium  . 

M'VJ 

Potash  alum     .         .         .         . 

K51)0 

Citric  acid        .         .         .         . 

K5-7I 

Act*tic*  acid      .         .         .         . 

87DO 

Tartrate  of  potash    . 

iriDO 

Tartaric  acid    .         .         .         . 

t|H-#>i 
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Subitaneci  dtaolircd 
in  lUO  parU  watar. 

Chloride  of  calcium 
Phosphoric  acid 
Fermginous  sal  ammoniac 
Oxalate  of  potash 
Sal  ammoniac 
Acetate  of  copper 
Muriatic  acid  . 
Oxalic  acid 
Sulphuric  acid 
Sulphate  of  copper 
Nitrate  of  copper 
Nitrate  of  silver 
Chloride  of  gold 
Nitric  acid 
Chloride  of  platinum 


Conducting 
power. 

110-00 
127-00 
136-00 
14900 
150-00 
154-00 
164-00 
179-00 
239-00 
258-00 
278-00 
298-00 
307-00 
358-00 
418-00 
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From  the  preceding  table  it  appears  that  the  acids  have 
the  greatest  conducting  power,  while  alkaline  and  saline  solu- 
tions are  in  general  much  inferior  as  conductors.  The  con-- 
ducting  power  increases  with  the  quantity  of  salt  dissolved^ 
but  more  slowly  when  we  approach  the  point  of  saturation. 
The  conducting  power  of  sulphate  of  magnesia  dissolved  in 
100  times  its  weight  of  water,  is  to  that  of  the  same  salt 
dissolved  in  1000  times  its  weight  as  24  to  13. 


CHAPTER  VII. 


OF    INDUCTION. 


It  has  been  already  noticed,  in  the  chapter  where  the  general 
principles  of  electricity  are  shortly  stated,  that  if  a  neutral 
body  be  made  to  approach  an  insulated  charged  conductor, 
its  electricity  undergoes  a  new  arrangement  Suppose  the 
iogulated  conductor  to  be  charged  positively,  the  end  of  the 
neutral  body  next  it  becomes  negative^  and  the  end  most 
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P^rt  1 1,  remote  posiiive ;  so  that  this  neutral  body  becomes  excited 
merely  in  consequence  of  ita  proximity  to  the  charged  con- 
ductor.    This  excited  state  has  been   called  electricity  Af 

Indoetioa   >Mr/r<r/ioii.     It  will  be  necessary  here  to  enter  fomewhat  more 

mhaL         jn^Q  particulars. 

Suppose  we  have  an  insulated  copper  cylinder  terminated 
by  two  hemispheres,  and  that  we  attach  to  it,  from  diatance 
to  distance,  electrometers  consisting  of  two  straws,  or  two 
elder  pith  balls,  hangin^i:  in  contact.     Suppose  we  now  bring 

Ezpklntd.  into  its  neighbourhuod  another  similar  conductor  charged 
with  electricity,  and  furnished  with  similar  electrometers,  we 
shall  find  that  the  pith  balls  in  the  charged  conductors  which 
stood  at  a  distance  from  each  other,  will  approach  more  and 
more  the  nearer  we  bring  it  to  the  neutral  body ;  while  in  the 
neutral  cylinder  the  balls  diverge  more  and  more,  with  this 
remarkable  difference,  that  the  divergence  diminishes  more 
and  more  as  we  approach  nearer  the  middle  of  the  cylindert 
which  will  be  found  neutral^  or  inca|>able  of  affecting  the 
electrometer  at  all.  Suppose  the  excited  body  to  be  /wnCrsr, 
then  the  end  of  the  other  cylinder  next  it  will  be  nepatire^  tke 
end  most  remote  positive^  and  the  centre  neutral.  We  shall 
find  also,  if  we  examine  the  excited  cylinder  while  thus  placed, 
that  the  end  nearest  the  other  cylinder  will  )h*  positive,  and 
the  end  most  remote  nesrativo.  The  excitwl  cvlinder  lose* 
none  of  its  electricity,  as  may  be  ascertained  by  examining  it 
before  and  after  the  ex[HTinient.  It  follows  from  this  impor- 
tant  fact, 

1 .  Tiiat  an  excited  body  exercises  at  a  distance,  upon  an- 
other previously  lUMitral  ixxly,  an  effect  which  dissimmiattM  it» 
own  electrit'iiv,  and  renders  the  other  bodv  electric. 

2.  That  the  two  electricities  are  s<*parated  in  the  newly 
excited  body,  tlif^  electricity  opposite  to  that  in  the  conduc- 
tor first  excited  bein^  accumuLitiNl  in  the  end  nearest  to  it, 
and  the  other  electricity  in  the  end  farthest  distant. 

3.  That  tlie  electricity  in  the  oriLnnallv  excited  cvlinJt*r  is 
likewise  accunndated  at  the  two  extremities  the  positive  at 
the  one  end,  and  the  netrative  at  the  other.  Suppoie  tl.is 
c\ Under  to  have  been  charged  with  |>obitive  electricity;  i( 
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while  the  other  cylinder  is  near  it,  we  touch  the  positive  end  Chap,  vii, 
with  a  finger,  we  carry  off  the  positive  electricity:   if  we 
withdraw  the  other  cylinder,  we  shall  find  the  originally  excited 
cylinder  now  charged  with  negative  electricity. 

We  see  from  this  that  every  body  contains  the  two  electri- 
cities; but  that  they  do  not  become  (sensible  till  they  are 
separated  from  each  other. 

It  is  obvious  that  electricity  by  induction  may  be  induced 
at  great  distances.    Suppose  the  insulated  cylinder  A  charged 

C-         ~-'j  C-         ^)  C-         ^  C-        ^) 

A  B  CD 

with  positive  electricity,  the  end  of  B  next  it  will  become 
negative,  and  the  most  remote  end  positive.  Let  a  third 
neutral  cylinder  C  be  placed  near  B,  it  will  become  elec- 
tric by  induction,  the  end  next  B  being  negative,  and  the 
most  remote  end  positive.  The  cylinder  D,  placed  near  C, 
will  in  like  manner  become  charged  with  negative  and  positive 
electricity,  and  the  same  thing  will  happen  however  great  the 
number  of  cylinders  thus  placed  may  be  supposed  to  be.  We 
may  conceive  from  this  how  electricity  is  transmitted  through 
bodies  with  inconceivable  velocity,  without  being  under  the 
necessity  of  admitting  the  actual  transmission  of  one  or  two 
electric  fluids. 

Precisely  similar  effects  are  produced  when  two  cylinders, 
both  excited,  are  brought  near  each  other.  Suppose  both 
charged  positively,  the  positive  electricity  in  each  will  repel 
the  positive  and  attract  the  negative ;  so  that  the  extremities 
of  the  cylinders  next  each  other  will  be,  one  negative  and  the 
other  positive ;  and  the  same  will  be  the  case  with  the  extre- 
mities most  remote  from  each  other. 

Coulomb  has  shown  that  the  two  electricities  thus  separated 
by  induction  are  equal  in  quantity. 

The  first  attempt  to  produce  electrical  currents  by  the  Prodaction 
influence  of  other  currents  was  made  by  M.  Ampere.     He  currcots. 
formed  a  spiral  with  a  copper  wire  covered  with  silk  thread, 
and  passed  through  an  opening  in  its  upper  part  a  silk  thread, 
to  which  was  suspended  a  copper  disc,  which  was  kept  for 
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ftrt  II.  some  time  in  the  direction  of  the  circumreroluUon*  of  tbe 
wire.  Having  passed  the  discharge  of  a  strong  Voltaic  pile 
through  the  spiral,  he  remarked  that  when  the  disc  was  placed 
between  the  opposite  poles  of  a  horse-shoe  magnet,  it  was 
sensibly  acted  on,  and  the  action  Taried  according  to  the 
position  of  the  poles  of  the  magnet.  This  subject  has  been 
investigated  with  much  sagacity  by  Mr  Faraday*  I  shall 
state  the  principal  facts  which  he  discovered,  after  giving  hi* 
new  views  respecting  induction. 

Mr  Faraday  considers  induction  to  be  a  certain  polarity 
into  which  the  particles  of  a  body  arc  brought — one  end  being 
positive,  and  the  other  negative — and  the  state  always  pro> 
ceeds  from  the  excited  body  ;*  precisely  similar  to  the  state 
of  the  cylinders  electrified  by  induction,  as  explained  in  a 
preceding  paragraph  of  this  chapter. 

Mr  Faraday  found,  by  a  very  ingenious  set  of  experiments, 
that  when  inductive  action  was  made  to  pass  through  different 
gases,  the  amount  was  always  the  same ;  so  that  the  indnrtive 
action  through  all  gases  is  the  same ;  and  no  change  takei 
place  whether  the  gases  be  rarefied  or  condensed.  The  gases 
tried  and  compared  with  each  other  were  the  following  :— 

Azoti*  Oxygon  Ilyilnigi'ii 

CiirlMmio  acid  Olcfiiiiit  ^uh  AnkMuilU*d  hydni^n 

Carbouic  uxidc  PmtoxiiU' of  uzou*     SiilphurctttHl  byJn^ti 

Deutoxiiio  of  azoto  Sulphurou!**  ariil 

Aiunioiiia  Fluo-Hiliric  aoid 

If  we  reckon  the  inductive  power  of  air  unity,  tliat  of  the  otk^e 
bodies  tried  by  Mr  Faraday  wa^  as  follows : — 

Shfll  lac     ....  2 

Flint  fi^liuui  .         .  1*75 

Sulphur      ....  2i'i 

S|N*ruuiCfti  .         .  !•** 

Mr   I'*araday  ha.s  also  given  the  name  of  imdrntitm  to  cIm- 
|)Ower  which  electric  currents  |>os8t*8S  of  exciting  in  msttirr. 

•  I'hil.  Tram.  IS3H.  |i.  I. 


lich  is  in  the  Bplicro  of  their  activity,  aoy  peciilitir  state  which  Ch«^v 

other  currents.     To  show  this  kind  of  induction,  he 
l«d  into  a  spiral  upon  a  cylinder  of  wood,  two  simifar  copper 
■C3  covered  with  silk  and  two  or  three  hundred  feet  long- 
Ic  of  the  spirnls  wns  made  to  comniuuicate  with  a  muUipli- 
and  the  other  with  a  Voltaic  battery  of  1 00  pairs  of  four 
plates,  the  nine  plates  heiufr  eurrounded  with  cupper  in 
llaston'a  manner.       The  needle  immediately  deviated  a 
little;  but  the  deviation  became  very  soon  iiiaonsiblc.     Another 
deviation  took  place  in  the  contrary  direction  wlionever  the 
contact  witli  the  battery  was  interrupted.     It  would  appear 
from  this,  that  these  inductions  take  ]dace  only  at  the  instant 
(hat  the  current  begins  or  ccaacs.     From  this  Faraday  con- 
cludes, that  this  momentary  current  participatcE  more  of  the 
current  produced  by  the  discharge  of  the  Leydcn  phial,  than 
(hat  produced  by  the  Voltaic  battery.     He  found  that  the 
current  induced  when  the  circuit  is  completetl,  flows  in  the 
direction  as  the  principal  current;  but  the  current  which 
ira  when  the  circuit  is  interrupted,  flows  in  the  oppusito 
ilion." 

Mr    Snow    Harris  has  shown,  that  a  body  electrified  by 
inductiou  is  the  same  in  vacuo  as  in  air.     So  that  the  ten- 
icy  of  electricity  to  esca]»e  in  such  a  case  doea  not  exist-f 
Jenkins  observed,  that  if  an  ordinary  wire  of  a  short 
:h  be  used  as  the  medium  of  cnminunication  between  the 
plates  of  an  electrometer,  consisting  of  a  single  pair  of 
iUi  no  management  will  enable  the  experimenter  to  obtain 
electric  shock  from  this  wire;  but  if  the  wire  which  sur- 
ids  an  electro-magnet  be  used,  a  shock  Is  felt  each  timo 
the  contact  with  the  electrometer  is  broken,  provided  the 
of  the  wire  be  grasped  in  each  hand.}     This  fact  in- 
Mr  Faraday  to  study  the  subject.     He  showed  that  tho 
;t  depended  upon  the  length  of  Uie  wire,  and  finally  traced 
phenomena  to  the  influence  by  induction  of  an  electric 
mt  upon  itself.^ 


curren 
■kpcc 

^^Becti 


•  Phil.  Tmns.  182^,  p.  I2f.. 
I  Ibid.  leSA,  p.  41. 
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CIIAI'TEH  VIII. 


OF  THE  THEORY  OV  THE  LEYDEN  JAR,  AND  OTHER 
SIMILAR  AIM'ARATUS. 


It  has  been  already  stated  in  a  prccedm|r  chapter,  that  the 
Leyden  jar  was  accidentally  discovered  at  Leydca,  by  Cuuciu, 
Muschenbroeck,  and  Allemand,  at  a  very  uarty  period  of  elec- 
trical soiencc.  It  constituted  n  nifinorablc  era  in  tbe  kistunr 
of  electricity,  because  it  funiidlivd  electriciaua  with  ft  iDctliud 
of  accumulating:  electricity  at  pleaaurc,  .and  thus  uf  producinz 
many  curious  plicntimcn.t,  an<l  iiive3ti<!atin^  tbe  laws  of  eteo- 
tricity  with  greater  certaiiity  and  success.  The  theory  of  Uie 
Leyden  jar  was  first  investigated  by  Dr  Franklin,  and  has  been 
lung  familiar  to  electricians.  The  comdeiuer  and  eUctropkoratf 
instruments  so  useful  in  many  investigations,  are  untliins  cIm 
than  modiRcations  of  it.  Tbe  Leydtfn  jar,  as  at  present  en- 
pluycd  by  electrician 3,  cnu-iidts  uf  a  tliiu  cylindrieal  gU«s  of 
any  sizt-,  from  lliat  uf  an  ci^'ht  oiincu  phiitl.  to  that  of  400 
cubic  inches  or  oven  more,  usually  termiuntcl  at  tlu'  uppn- 
extremity  by  a  moutb  as  wid,.'  a-  will  admit  tlio  iuMirtiuo  of 
the  hand  to  euat  the  inside  uf  the  jar  with  tinfoil. 
The  jar  is  eovured  both  inside  and  out  witli  tinfoil.  V* 

posted  oti  fniiii  ihL>  bottum  ti>  within  a  third  •li  tli<> 
twp.  Tiie  U|nii-r  ]iiirii  m  of  the  jar  is  coated  ov,t 
with  la<-  varnish,  or  if  not  varnished  it  sbiiuM  Ih- 
rublH'd  over  with  a  thin  eoatinz  of  talluw  to  pre- 
vent moisture  from  adherimr  to  the  izhiA*,  which 
in  d^iinp  weallier  or  in  a  moist  alnnMither.-,  wnuld 
prevent  tin-  ]>i>.»i)iility  of  elk-ir::ini:  (he  jar.  A 
eork  roven-d  over  with  lae  vanii<h,  or  with  soalini:- 
wax.  ij  lined  into  tin-  mouih  of  the  jar,  through 
whieh  pa»^-->  a  bra--  wire,  terminatint^  at  \\a  up{K'r  oitr«>initT 
in  a  knob  or  snull  sphere  of  braM,  and  dividing:  w  ithin  the  jar 
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into  three  wires,  which  spread  wide,  and  in  consequence  press  Ch.  viir. 
lightly  against  the  inside  coating  of  the  jar. 

Let  us  suppose  that  the  knob  h  is  placed  within  the  strik-  M«''«  «f 

,  ,  .         charging 

ing  distance  of  the  prime  conductor  of  an  electrical  machine,  ttie  Leyden 
while  the  outside  coating,  in  consequence  of  the  jar  standing 
on  a  common  table,  communicates  with  the  earth.  When  the 
machine  is  moved,  a  spark  of  positive  electricity  strikes  the 
knob  6,  and  makes  its  way  along  the  wire  to  the  inside  of 
the  jar.  This  spark,  from  the  nature  of  glass,  cannot  pass 
through  the  jar,  but  is  deposited  upon  the  inside  surface  of 
the  jar.  It  will  repel  the  positive  electricity  on  the  outside 
burface  of  the  jar,  which  will  be  partially  driven  out  of  it,  and 
will  pass  into  the  earth;  while  at  the  same  time  it  will  attract 
the  negative  electricity,  which  will  therefore  accumulate  on 
the  outside  surface  of  the  glass.  Suppose  another  spark  to 
pass  from  the  prime  conductor  to  the  knob  h.  This  will  oc- 
casion an  additional  quantity  of  positive  electricity  to  accu- 
mulate on  the  inside  surface  of  the  jar.  More  positive  elec- 
tricity will  be  driven  out  of  the  outside  surface  and  more 
negative  electricity  will  be  attracted  into  it.  Thus  every 
spark  which  passes  from  the  conductor  to  the  knob,  occasions 
an  increase  of  positive  electricity  on  the  inside  surface,  and  an 
increase  of  negative  electricity  upon  the  outside  surface  ;  till 
at'  last  there  is  a  very  considerable  accumulation  of  the  two 
electricities  on  the  two  surfaces.  The  mutual  attraction  which 
takes  place  between  these  two  electricities,  will  have  a  tendency 
to  prevent  them  from  escaping  spontaneously,  and  will  also 
occasion  a  much  greater  accumulation  of  each  on  their  respec- 
tive surfaces.  Suppose  now  that  a  good  conductor,  a  metallic 
wire  for  example,  is  made  to  touch  at  once  the  knob  6,  and 
the  outside  coating  of  the  jar,  the  two  electricities  will  rush 
into  combination  along  this  wire,  a  snap  or  an  explosion  will 
take  place  accompanied  by  a  brilliant  light,  the  two  electricities 
will  combine,  and  all  symptoms  both  of  positive  and  negative 
electricity  will  disappear,  or  almost  disappear.  If  instead  of 
a  metallic  wire  the  medium  of  Communication  between  the  in- 
side and  outside  coating,  be  the  human  body;  as  for  example, 
if  we  grasp  the  jar  by  the  bottom  with  one  hand,  and  touch 
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^'■«'>  ^^'    the  knob  with  tlio  liUL^cr  of  the  other,  the  two  eloctriciticf 
imitt*  ill  our  hodv,  and  the  .act  of  union  is  attended  vith  i 
hhock  more  or  less  violent  unJ  |minful,  according  to  the  iiit 
of  the  jar,  nn<l  the  «rrentnes3  of  the  charge.      When  a  number 
of  jar^  are  unite<l  tosrether,  constituting  wliat  is  called  an  rW- 
trical  hattery,  the  sliock  is  so  greit  as  to  prove  fatal  wkfB 
passed  tlirouL'h  the  body  of  an  animal  of  considerable  sixe,  a* 
a  sheep,  or  a  lar^ro  tloir. 
tiiVlSrfr"e       ^"  *'*^  Leyden  phial  the  electricities  arc  not  lodired  upoo 
otchcgUM.  tli^.  eoatiuiTs  of  the  jar,  Imt  upon  the  two  surfaces  t>f  the  jar 
itself.     This  was  demonstrated  bv  Dr  Franklin.     Instead  of 
coatinir  the  inside  of  the  jar  with  tinfoil,  we  may  fill  it  with 
water  up  to  the  usual  heii^ht  of  the  coating.    This^,  indeed,  w 
the  coatintr  oriirinallv  used  hv  the  discoverers  of  the  Le^tirt 
jar.     Instead  of  ])astin<r  the  (mtside  coatinir  to  the  jar,  we  nuy 
make  it'merely  to  fit  the  jar,  and  so  that  the  jar  may  be  eafiij 
clipped  out  of  it  without  using  force.     Dr  Franklin  chargnii 
jar  containing  water,  and  havin<;  the  outside  coating  mcreU 
in  contact.     He  then  poured  out  the  water,  and  drew  the  jar 
out  of  its  outride  coating,  takiuir  care  never  to  establish  an; 
communication  bet  wren  tin*  in>ide  and  outside.      Ne«  ^Jtltr 
wa>  now  poiirtMl  into  the  jar.  and  a  new  coaling;  applied  vnxlf 
outside.      The  jar  w:is  still  found  charL^ed,  and  w lii*n  a  Ci'iB* 
munieatioii  was  estalili>lied  between  the  knob  and  the  uut^.:^ 
coat  in  i:,  an  ex|dii?ion  touk  place  just  as  would  ha\e  hapjw'aJ 
bad  tl:e  orJL'inal  eoatinirs  not   been  «li^jdacetl.      WhencviT  l.'« 
«piaiitit\  of  |u»>itive  «'l«M'trieify  aerumuhitiMl  im  the  inside  !»!•*• 
fare  *»!' the  jar  is  .-i»  urrat,  that   by  its  repul.-ive  fnnv  it  p'*" 
\«'nt>  llii'  .Mfcnniulatitui  of  any  more,  then  the  jar  has  rccci'*^ 
all  tiie  I'hai'L'e  uhii-h  it  can  take. 

If  Mf  insulati'  a  l.i'\den  jar,  ami  place  the  out-ide  »va!ir-« 
in  *'ontart    with   an   in*ulati'«l  rleetromeler  consiMiu;:  «»t  I*'' 
pith  balU  oii^|M-ndi'il  l>\  llnm  tiin'ad>  from  a  ho«>ked  «lro:  ^* 
soon  a*  a  >park  of'  |M».-.iti\i'  i-lrrtrii-itj  pas.-i>  into  the  knuh.  t**'^ 
balU  srparatf,  indii  atiii«:  a  tbar^'e  of  pn>itive  elertrieit;. 
w(^  lourh  tht'  ulri'  to  uhirh  tbf  pith  balls  are  attarhi*«l.  ti  *■  • 
immediatt>l\  rlo.-»\  bt'i-auM"  !»v  this  contact,  we  iarr\  o!t  I*' 
positive  elec:riciT\  \ihuh  had  been  driven  out  ot  c he  out*!--' 
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surface  by  the  spark  of  positive  electricity,  which  was  de-  Ch.  viii. 
posited  on  the  inside  surface.  If  we  now  touch  the  knob  of 
the  jar,  so  as  to  draw  off  the  uncombined  positive  electricity 
from  the  inside  surface,  the  pith  balls  again  separate.  But 
they  are  now  charged  with  negative  electricity.  Thus  we  see, 
that  when  positive  electricity  accumulates  on  the  inside  sur- 
face, positive  electricity  is  driven  off  from  the  outside  surface, 
and  that  negative  electricity  accumulates  on  that  surface. 
When  the  jar  is  charged,  if  we  put  it  under  the  receiver  of  an 
air-pump,  and  exhaust  the  air,  the  two  electricities  being  no 
longer  retained  in  their  place,  rush  towards  each  other,  form* 
ing  a  path  which  appears  luminous  in  the  dark. 

By  means  of  the  charged  Leyden  jar,  we  can  procure  at  j^jdm  jwr 
pleasure  either  positive  or  negative  electricity,  which  is  very  either  eieo- 
convenient  for  many  purposes.    From  the  mode  of  charging  the  '    ^' 
phial,  the  inside  has  generally  a  charge  of  positive  electricity, 
while  negative  electricity  is  accumulated  on  the  outside.     Sup- 
pose it  thus  charged,  if  we  take  it  up  in  one  hand,  and  make 
the  knob  rub  against  the  surface  of  a  cake  of  wax  or  a  thin 
plate  of  glass  covered  with  lac  varnish  ;  the  parts  of  the  plate 
touched  by  the  knob  will  have  acquired  positive  electricity, 
and  the  parts  opposite  on  the  under  surface  of  the  glass  will 
have  acquired  negative  electricity.     If  we  now  suspend  the 
glass  plate  insulated  in  the  air,  and  blow  upon  it  a  mixture  of 
sulphur  and  minium  powder  previously  triturated  together,  the 
minium  alone  will  adhere  to  the  parts  of  the  plate  that  have 
been  electrified  positively.     If  we  blow  the  same  mixture  of 
powder  upon  the  other  side  of  the  plate,  the  sulphur  alone  will 
adhere  to  the  parts  which  are  electrified  negatively.     Thus 
we  will  have  the  same  lines  traced  on  the  two  sides  of  the  glass 
plate;  but  with  different  coloured  powders.      The  positi^jg. 
electricity  will  be  covered  with  the  red  powder  of  minium,  the 
negative  electricity  with  the  yellow  powder  of  sulphur.     This 
usurious  experiment  was  first  made  by  Lichtcnberg,  and  these 
lines  are  called  the  lines  of  Lichtcnberg.     The  reason  of  the 
pbenomenon  is,  that  when  sulphur  and  minium  are  triturated 
together,  sulphur  acquires  positive  electricity,  while  minium 
iftcquires  negative :  hence  they  naturally  attach  themselves 
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P*rt  II.    to  tho8C  surfacen  wliich  li.ive  nn  electricity  opposite  lo  their 

own. 
mWAutd  '^ '^^  instrumcnl  railed  the  condenser^  no  useful  in  electrical 
invesiti(;Ations,  is  verv  nearly  of  the  same  nature  with  the 
Leyden  jar,  or  at  least  depends  upon  the  same  electrical  Uwt. 
This  instrument  was  first  contrived  hy  yEpinus,  hut  it  was 
brought  into  the  convenient  form  for  use,  which  it  has  at  pre- 
sent, by  Volta.  Suppose  a  biidy  A,  to  be  placed  in  contact 
with  the  charged  prime  conductor  of  an  ele<*trical  machine. 
It  will  acquire  a  <*ertain  electrical  charfre.  If  while  thus 
charged,  we  bring  the  body  K,  (.supposed  iu  a  natural  state 
and  communicating  freely  with  the  irroundO  into  its  neighbour- 
hood, the  presenc*e  of  this  new  body  will  enable  A  to  take  a 
much  stronger  charge  than  before.  Ftir  the  electricity  with 
which  it  is  charged  acts  upon  the  electricity  of  B.  It  drives 
the  (*lectricity  of  the  same  kind  with  itself  into  the  ground* 
and  attracts  the  opposite  electricity,  and  fixes  it  upon  thai 
surface  of  H  which  is  nearest  A.  Kv  this  attraction,  the  clas- 
ticity  of  the  electricity  in  A  is  diminished.  The  consequence 
is,  that  an  additional  quantity  of  elivtricity  pass(*s  from  the 
prime  conductor  into  A.  This  new  quantity  acts  in  its  turn 
upon  the  electricity  in  H,  drives  an  additional  portion  uf  the 
electricity  of  the  same  name  into  the  earth,  and  attracts  an 

m 

additional    quantity   of  the   opposite  electricity.      This    new 
chartre  of  ehrtricitv  in  H,  bv  its  attraction,  serves  still  farther — 
to  dimiiii.^h  the  elustiritv  of  the  eh'Ctricitv  in   .-X,  and  thur  ans- 
addiiioiiul  (|u:intity  will  flow  into  it  from  the  prime  conductor.    ' 
Thu.-(  the  two  bodicH  act  reciprocally  upon  each  other,  Mac 
niutuallv  increase  the  cliar>re  in  each. 

Let   I)  be  the  prime  conductor  of  a  ma- 
chine, and  let   A  be  a  metallic  plate  sus-  '  w=ai 
pemb-d  from  the  conductor  bv  means  of  the 
wire  u\      If  1)  be  weaklv  charL'cd,  it  nill          -^  -^ 
communicate  a    weak   cliart:e    also  to    A.     ^   ' 
This  mav  be  ascertained  b\    brimrin'T  an"'-, 
electrometer  into  \x^  iieijlibonrhoixl.     Now 
h*t    the    metallic   plate    It,   cominunicatini: 
«ith  the  grouml,  be  made  gradually  U\  approach  A.  till  i^   '-^ 
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M  ncftr  K9  po9!kibie,  without  liowever  hcin^  suSicieatlj'  so  to  Ck,  Vlll 
receive  a  spark  from  A.  The  presence  of  the  plate  D  will 
enable  A  to  take  a  much  greati-r  charge,  as  may  be  easily  as- 
certained by  mL-aus  of  an  electrometer.  If  we  now  reroove  A 
by  means  of  a  glass  rod,  taking  care  tliat  B  shall  retain  its  posi- 
tion till  A  is  iuBulated,  then  A  will  be  much  more  strongly 
cliarged  than  it  would  have  been  had  not  B  been  near  it. 

The  nearer  we  can  bring  B  to  A,  the  greater  is  the  effect 
which  it  will  produce  in  increasing  the  charge.  But  this  di- 
Diinulion  uf  distance  is  limited  by  the  tendency  which  the 
electricity  of  A  has  to  pass  off  to  B.  The  best  way  then  la 
to  interpose  between  them  some  non-conductor,  throDgli  which 
uf  course  the  electricity  cannot  pass ;  such  for  example  as  a 
thin  plate  nf  glass,  or  a  thin  coating  of  lac  vamisli.  By  Uiis 
contrivance,  the  distance  between  the  pkites  may  be  rendered 
Tory  small.  I'hus  arranged,  the  two  plates  constitute  what  is 
..called  the  condenser. 

Bcnnct'a  dovbler  may  be  considered  ^"y"'| 
as  a  Btill  farther  improvement  of  the 
condenser.  The  first  description  of 
it  was  published  in  the  PhiloBOphkal 
TrantactiOTU  for  1 787.  The  methnd 
of  using  this  donbler  is  as  follows ; — 
It  consists  of  three  parts.  1.  A 
polished  brass  plate  A,  with  an  in- 
sulating handle  fixed  in  its  centre.  2. 
A  similar  plate  B,  with  an  insulating 
handle  fixed  in  its  periphery.  3.  The 
cap  of  Bennet's  gold  leaf  electro- 
meter,  G,  which  serves  for  the  third 
jiktc.  The  two  plates  A  and  B,  arc 
varnished  on  their  under  side.  The 
handles  arc  mado  of  mahogany  fixed 
tu  the  plates  by  means  of  glass  nuts 
^t■red  with  sealing-wax. 
Suppose  we  have  to  examine  tlie 

1.  Place  H  npun  (_t,  and  communicate  some  electricity  to 
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''•i^  >'»  the  latter,  wliilc  the  plate  B  is  touched  with  the  6nger.  It  is 
evident  that  G  will  receive  a  greater  charge  than  if  B  were 
not  near  it.  In  fact  these  two  plates  constitute  the  commou 
ctmfteniter. 

2.  Remove  thi*  source  of  electricity  from  the  contact  of  G. 
and  take  the  finger  from  off  U.  Raise  H,  by  its  insulatiosr 
handle,  and  H  and  ii  will  exhibit  the  opposite  states  of  elec- 
tricity more  stronirlv  than  when  they  were  in  contact. 

3.  Place  A  on  H  and  touch  A  with  the  fin<rer.  It  i^  ob- 
vious that  a  (juantity  of  the  opposite  eliM!tricity  from  that  in 
li  will  accumulate  in  A,  while  the  same  kind  of  electricity  will 
be  driven  off.  In  short,  A  will  be  charffed  with  the  same  kind 
of  electrlcitv  as  (t. 

4.  Place  1)  upon  G,  and  touch  R  with  the  finirer  as  before, 
and  at  the  same  time  apply  A  edgeways  to  G.  In  this  situation 
A  will  communicate  the  greatest  part  of  its  electricity  to  G. 

5.  Remove  A,  take  the  finger  from  R.  an<i  raise  B  from  G. 
The  opposite  electricities  in  R  and  (i  will  now  be  stronger 
than  before,  on  account  of  the  additional  electricity  afforded 
by  A. 

a.  Place  A  upon  R  again,  and  pro(*eed  as  in  No.  3.  An 
additional  dose  of  elcctricitv  mav  now  be  communicated  from 
A  to  (i.  Ry  proccedin::  in  this  manner  for  a  certain  time, 
the  electricitv  oriirinallv  comnmnicated  to  (i,  thoui;h  at  tir?t 
too  small  to  afiect  the  strips  of  guld  leaf,  will  at  last  become 
Hufliciently  sensible  to  produce  a  otm^^iderabh'  divert:ence  in 
them. 

This  doubler  was  still  farther  improved  by  Mr  Nichol»on, 
nho  constructed  what  is  called  his  rtrttlriutj  duubler^  an  account 
of  which  may  be  seen  in  tiie  Philosophical  Transatttims  fuf 
llf^H.  ;ind  in  SicholMjns  Journal  U\r  Mav,  1800. 

The  best  condenser  e(in?ists  of  tMo  metallic  plates,  having" 
their    ciMitiirtinus  surfac**-    eoxiTed*  with  a  coat   of  \aniUb — 
(\ire  must  be  taken  tt>  |iiace  them  upon  each  other,  »ithou0 
rubbing  them  jii^ainst  eacii  other.      For  friction  would  develoj 
electricity  in  the  coatin^r  of  re>in,  which  would  adhere  to  it 
and  might  occasion  errors  in  delicate  experiments.     To  rende  "^ 
the  inMrument  convenient,  the  plate   R  is  fixed  u|M»n  a  solL  «  ' 
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metallic  root,aii(1nniiiEul!Xtiag  handle  of  varnished  glass  is  fixed  Ch.  VI J  t. 

in  tlie  centre  of  tlic  upper  surface  of  tlie  plalc  A.     A  wire 

terminating  in  a  knob  is  usually  fixed  in  the  plate  A,  by  means 

of  which,  the  electricity  to  be  examined  is  conveyed  to  it, 

while  the  tinger  is  in  contact  with  plate  B,  or  its  metal  stand 

ill  order  to  secure  its  communicatioa  with  the  ground.     When 

A  is  to  be  removed  from  B,  the  condenser  should  be  placed 

upon  a  table,  and  A  should  be  lifted  up  perpendicularly  from 

B,  without  any  friction,  otherwise  A  would  be  apt  to  discharge 

itself  upon  B. 

The  condenser  evidently  depends  upon  the  same  principles  Tlworjf  of 
as  the  Leyden  phial,  and  indeed  its  theory  is  so  obvious,  that  ^r. 
ft  very  few  words  will  be  sufHcient  to  explain  it.  Suppose 
jilale  A  to  be  charged  with  positive  electricity,  a  certain 
ijiinutity  of  negative  electricity  will  be  attracted  and  fixed  in 
])Iatc  B.  This  will  allow  A  to  take  a  farther  charge,  which 
nlU  accumulate  a  still  additional  quantity  of  negative  elcc- 
ii-icity  in  B;  and  so  on.  If  the  distance  between  A  and  t) 
"ire  nothing,  the  quantity  of  positive  electricity  in  the  former 
wuuld  be  exactly  balanced  by  the  quantity  of  negative  elec- 
tricity in  the  latter.  But  there  is  always  a  certain  distance 
bctwocu  A  and  B :  hence,  the  positive  electricity  in  A  will 
i-\ceed  the  negative  electricity  in  B,  and  it  will  exceed  it 
tlic  more  the  greater  the  distance  between  the  two  plates 
\i.  But  in  all  cases  there  must  be  an  excess  of  vitreous 
electricity  in  A ;  so  that  the  two  electricities  accumulated  in 
the  two  piatce,  will  not  exactly  neutralize  each  other.  The 
very  same  thing  happens  in  the  Leyden  jar,  and  hence  it  will 
be  found,  that  when  the  communication  is  made  between  the 
two  sides  of  the  jar,  all  electrical  symptoms  do  not  vanish.  A 
Binall  charge  will  still  be  found  in  the  jar,  which  will  occasion 
a  slight  shock,  when,  holding  the  discharged  jar  in  one  hand, 
we  touch  the  knob  with  the  other. 

In  the  condenser,  the  electricity  does  not  reside  in  the 
metallic  plates,  but  on  the  faces  of  the  thin  coat  of  varnish 
which  separates  ihciii.     This  is  easily  demonstrated  by  em- 

lyiag  a  condenser  whose  plates  are  separated  by  a  thin  disc 
^^«a.     After  plato  A  is  charged  with  electricity,  place  the 


894  •  ELECTRICITY. 

rart  ir.  condenser  upon  an  insulating  stool.  Then  remove  plate  A. 
On  applying  the  finger  to  it,  only  a  very  small  spark  will  be 
given,  amounting  to  no  more  than  a  very  small  portion  of  the 
electricity.  Now,  remove  the  plate  of  glass  by  taking  it  up 
by  one  of  the  comers,  and  examine  plate  B.  It  also  will  com- 
municate only  a  very  slight  spark.  We  see  then  that  the  two 
electricities  were  in  fact  upon  the  two  surfaces  of  the  glass. 
Thus  the  condenser  differs  from  the  Leyden  phial  in  nothing 
but  the  shape. 
£iM>.tro.  The  electrophoruSy  an  instrument  for  which  we  are  indebted 

to  Volta,  is  quite  similar  in  its  nature  to  the  condenser,  and 
depends  upon  the  same  principles  as  the  Leyden  phial.  The 
electrophorus  usually  consists  of  three  parts.  1 .  A  metallic 
plate,  round,  and  about  six  inches  in  diameter.  It  should  be 
thin  and  provided  with  an  insulating  stand.  2.  A  cake  of  resin 
of  the  same  dimensions  as  the  metallic  plate.  This  resin  is  melt- 
ed, and  then  cast  upon  the  metallic  plate.  It  should  also  be 
thin.  We  shall  call  this  metallic  plate  the  9ole  of  the  electro- 
phorus, and  the  resin  we  shall  call  the  cake^  3.  A  metallic 
plate,  or  a  wooden  plate  quite  smooth,  all  round,  and  without 
any  projecting  points,  covered  with  a  coating  of  tinfoil.  It 
should  be  of  the  same  dimensions  as  the  other  two  parts.  We 
shall  call  it  the  cover.  It  must  be  provided  with  an  insulated 
glass  handle  like  the  upper  plate  of  the  condejiser. 

Pour  the  melted  cake  upon  the  insulated  sole  and  let  it  re> 
main  till  it  has  become  firm  and  hard.  If  we  now  examine  the 
apparatus,  we  shall  find  it  negatively  electrified,  and  when  the 
finger  is  applied  to  any  part  of  it,  especially  the  sole,  a  spark 
is  produced.  If  the  apparatus  be  now  suffered  to  remain  at 
rest,  the  electricity  is  gradually  dissipated  and  disappears,  but 
it  may  be  again  restored  by  rubbing  the  resin  with  a  piece  of 
cat's  skin  with  the  fur  on.  By  this  friction  resinous  electricity 
is  developed  on  the  cake.  If  the  insulated  sole  be  placed  in 
contact  with  an  electrometer,  we  shall  find  the  pith  balls  diverge, 
and  indicate  negative  electricity.  If  we  touch  the  sole  with 
our  finger,  the  pith  balls  fall  down,  and  all  signs  of  electricitr 
disappear.  The  cake  obviously  repels  the  negative  electricity 
from  the  sole,  and  attracts  the  positive  electricity:  hence 
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tlicre  will  be  nn  accumulation  of  negative  clectncitj'  in  the  Ch.  viil, 
caku,  and  of  poaitiTp  electricity  in  the  sole. 

If  wo  apply  the  cover  to  the  cake,  lifting  it  by  the  insulat- 
iiiz  handle,  and  after  allowing  it  to  remain  a  little,  lift  it  off 
jigain,  and  apply  it  to  an  electrometer,  we  shall  find  no  signs 
of  electricily.  But  if  we  replace  it  on  the  cake,  and  place  an 
insulated  electrometer  in  communication  with  it,  the  pith  balls 
will  diverge  with  negative  electricity.  If  we  touch  the  cover 
with  the  finger,  and  then  withdraw  it,  wc  shall  find  it  charged 
with  positive  electricity.  It  is  ohvious  that  the  action  of  the 
cake  upon  the  cover  is  the  very  same  ns  upon  the  sole.  The 
rcgative  electricity  has  been  repelled,  and  the  positive  elec- 
tricity attracted.  So  that  Iwth  the  solo  and  the  cover,  if  thoy 
be  made  to  communicate  with  the  ground,  will  be  found  charged 
with  positive  electricity. 

As  the  electricity  does  not  eoon  leave  the  cake  after  friction, 
if  it  be  kept  in  a  dry  place  the  cover  may  be  charged  with  posi- 
live  electricity,  aimply  by  placing  it  on  the  cake,  and  touching 
it  with  the  finger  and  then  removing  it ;  and  the  charge  will 
he  sufficient  to  give  sparks,  and  thus  to  enable  ns  to  apply  the 
I'lcctrophorus  to  a  variety  of  useful  purposes.  It  may  continue 
to  act  for  a  month  or  even  longer.  But  the  attraction  between 
the  two  opposite  electricities  will  gradually  overcome  the  ro- 
alstanco  which  the  resin  manifests  to  the  disengagement  of  its 
electricity.  The  positive  electricity  will  gradually  make  its 
way,  unite  with  the  negative  electricity  on  the  surface  of  the 
resin,  and  all  the  electricity  will  of  course  he  discharged. 
When  this  happens  the  eleclrophorus  may  be  again  brought 
into  action  by  rubbing  the  cake  with  a  piece  of  cat's  skin  aa 
before. 

The  theory  and  mode  of  action  of  the  eloctrophorus  is  ao 
obviuos  after  the  preceding  explanation  of  the  Leyden  phial 
and  the  condenser,  that  it  is  ijuite  unnecessary  to  olFer  any 
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CHAPTER  IX. 

OF  THE  ELECTRIC  SPARK. 


The  first  person  who  seems  to  have  perceived  the  electric  li^Iit 
was  Otto  (juericke ;  but  he  has  left  nothing  satisfactorj  cm 
2jJ|j*^|j*  the  sultject.     I>r  Hall,  however,  in  the  year  1708,  observed 
Ur  Hall,     that  when  pieces  of  amber  are  rubbed  with  flannel  they  ^ve 
out  a  great  deal  of  light,  with  a  crackling  noise.     This  light 
he  compared  to  lightning.     He  observed  the  same  thin^  with 
the  diamond,  and  lac,  and  sealing-wax,  when  rubbed.     He 
found  that  all  bodies  which  are  cafmUe  of  being  excited  bv 
friction,  or  electricity  have  the  property  of  becoming  luminoot 
when  rubbetl.     This  friction  excites  ekrtricity  and  gives  thfoi 
the  property  of  attracting  light  lK>die8.     Thus  Dr  Hall  recop* 
nized  that  when  electrical  bodies  are  excited  bv  friction  thev 
emit  light.*      Mr  llatikslnv  had  indeed,  in  1705,  ol)s<Tved  xkt 
liglit  emitted  wlien  mercury  is  asritated  in  a  glass  tube  in  vactu\ 
and  several  othtT  similar  phenomena.     Uut  he  was  not  avarr 
that  electricity  had  any  share  in  producing  this  light.f     Verj 
socm  after  the  discovery  of  Dr  Hall,  we  find  Hauksbee  descriS> 
intr  the  light  evolved  by  the  frictitm  of  glass,  and  various  otbirr 
bodies,  and  it  is  obvitius,  from  his  account  of  his  exiH*riment^ 
that  he  was  aware  that  this  light  was  connected  with  elcctr's* 
citv.t 
INmIiIv*  When  a  spark  is  drawn  from  a  bmlv  electrified  po^ilivdv.   ** 

hravii.  has  the  form  of  a  pencil  of  ra\s,  or  brushy  or  it  forms  a  c»<^^~* 
the  apex  of  which  is  in  the  boily  from  uhieh  the  spark  p*^^ 
ceeds.  This  brji>h  was  fir>t  descril^ed  bv  Mr  (irav,  and«^*^^ 
oriirinalU  ol»serveil  it  excited  great  hurpris**  in  him  and  **  -' 
frieuils.  When  tlie  spark  is  drawn  from  a  bo*ly  negati«  ^--* 
electrified,  it  has  the  appearance  of  a  star, 

•  ri.il    TraMv  iiri.  Cl».         \   ILi-L  xx'w.  1X19.        I  lUd.  ii.i.^^- 
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Particulnr  attention  has  been  paid  to  the  electric  spark  bj  Ch«p.  IX. 
Mr  Faraday  ■•  Tlie  conditions  reqnisite  for  its  production  in 
its  simpler  form,  arc  these  : — An  insulated  dielectric  (or  non- 
ronduclor)  must  be  interposed  between  two  conducting  aub- 
stanccs,  in  opposite  states  of  electricity.  Then  if  the  action 
]w  increased,  eitlier  by  bringing  the  conductors  nearer  eacli 
other,  or  by  increaslug  the  charge,  s  spark  appears,  and  the 
two  forces  lose  their  intensity,  a  discharge  having  occurred. 
The  usual  conductors  are  metals,  and  the  usual  dielectrics  are 
air  or  glass. 

Mr  Snow  Harris  found,  that  when  the  dielectric  through 
which  the  sp.irk  passes  is  air,  the  quantity  of  electricity  neces- 
sary to  produce  a  discharge,  varied  exactly  as  the  distance 
between  the  balla  from  the  one  to  the  other  of  which  the  dis- 
charge paeseil-t  He  found  also  that  the  (juantity  of  electri- 
rity  varied  as  the  density  of  the  air.  If  the  quantity  of  air 
remained  the  same,  while  the  distance  between  the  halls  and 
the  density  of  the  air  varied,  these  last  were  found  in  the 
inverse  ratio  of  each  other,  the  same  (piantily  of  electricity 
p.ossing  over  twice  the  distance  with  air  rarefied  to  one-half4 
Mr  Harris  showed  also  that  variation  of  the  temperature  of 
the  air  produces  no  variation  in  the  quantity  of  electricity  re- 
quired to  cause  a  discharge  across  a  given  interval. § 

Mr  Faraday  conceives,  that  before  a  spark  appears,  the  Fandity'* 
liieleclric  between  the  two  conducting  substances  is  brought,  tC«"«piirk. 
by  induction,  tu  a  certain  state  of  tension,  each  particle  having 
on«  of  its  poles  turned  to  the  positive,  and  the  other  to  the 
negative  ball,  and  that  when  this  tension  rises  to  a  certain 
iitiount,  discharge  takes  place.  This  would  indicate  a  motion 
1  t  electricity  from  one  conducting  ball  to  the  other,  which  is 
.  itbcr  inconsistent  with  the  theory  of  induction  which  we  have 
jiien  in  a  preceding  chapter.  In  fact,  it  is  Ihe  electric  spark 
lid  the  discharge  of  the  Lejdcn  phial,  which  constitute  the 
jreat  difficulties  in  the  way  of  considering  clcclricily  as  not  a 
tiuid  but  a  force. 

Nor  is  it  easy  to  affix  a  definite  idea  to  the  word  tenaion, 
•  riiil,  Trans.  1638.  p.  M.  f  Ibiil.  1H:I4.  p.  -225. 

1 1I.1J.  p.  a«a.  }  Ibid.  i>.  aao. 
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IVirt  II.  go  commonly  applied  to  electricity.  Thus  we  say  that  the 
quantity  of  electricity  in  the  clmrircd  Leyden  phial  ia  small, 
hut  its  tension  preat ;  and,  that  the  (luantity  of  electricity  ia 
an  acting  Voltaic  battery  is  (;reat,  hut  its  tension  small.  We 
mean,  that  the  former  can  make  its  way  through  a  giren  thick- 
ness of  a  dielectric  much  more  easily  than  the  latter.  Accnnl- 
ing  to  Mr  F*araday*s  notion  of  conduction,  we  ini^ht  conreiTe 
that  the  polar  iKirticlcs  of  the  dielectric  were  much  more  C(i:d* 
pletely  turned  in  the  inductive  direction,  in  the  former  than 
in  the  latter ;  but  why  a  greater  (quantity  of  electricity  should 
have  a  less  etfert  than  a  smaller  <{uantity  in  the  other  we  cod* 
not  understand. 
EffiTi  of  ^jp  Faraday  ascertained  bv  experinieut,  the  distance  throuiHi 

gMM^  which  a  spark  would  pass  when  ditlerent  kinds  of  sms  were 

made  to  surround  the  two  balls  from  which  the  sparks  pnv 
ceeded,  and  tin*  interval  between  them.  The  following  tabk 
shows  the  result : — 

Air  .  .  Positive  Ihrtjlo  inch 

Air  .         .  .         ;  NVgative  (Hj.'W 

()\y;^*ii  ...  I    Po>ilivi»  (K'»0.> 

()\v«jffii  .         .  .  Ni*;raiivi»  <K>Ii» 

Azotlr      .  .  .  Po!»iti\i»  0*#i|.> 

.Axiitir     .  .  .  Nt'i:'alivo  <Hi4.^ 

IIvdni;fin         .  .  Positive  IKJTO 

Hydro;;rii         .  .  N«';»'ative  0-27^ 

I'arhoiiir  acid  .  Pt»siti%c  0-#»  |0 

Carbniiii*  acid  .  No)»'ativo  (K'ilH> 

Olftiaiit  .  .  .  Positive  0'7«iO 

Olffiant  .  .  .  Nvirativr  0*7. ^> 

(*<ial  pis  .  .  Pu»iti\«»  n-t:«r) 

Cnal  i^as  .  .  NVjjativi»  U'.VJ.'i 

Miiriatir  arid  .  Piisiti\<*  l*ln.i 

.Miiriatii'  arid  .  .  Ni**.;ativi*  (^720 

Hut  in  repcatinir  thosi*  ex |K»rimenls  there  was  a  consider*^ 
diversity  in  the  result.<« :  heuee  one  would  be  dis|»o»ed  to  io*^ 
that  all  the  cireuuistance.s  have  n«tt  been  fully  apprtvialeJ* 

The  di<«'harL'e  pas^ted  from  a  small  briL^s  balU  liavin^ 
diameter  of  0*1)3  inch,  to  a  bra>s  ball  having  a  diamoCfr  *-' 
2*02  inches.      Now,  it  was  ii!»-ierved  that  the  variation  in  *-* 
di 'stance  at  which  the  spark'^  |iji<9ed,  was  always  iircalcr  wb^^ 
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the  small  ball  was  positive,  than  when  it  was  negative.     The  Chap.  IX. 
following  table  shows  the  amount  of  the  range  in  each  gas,  in 
fractions  of  an  inch  : — 


GMCi. 

PotiUvc 

Negttirc. 

Air    .      •         .         . 

0-19 

009 

Oxygen  . 

0-19 

0-02 

Azotic     . 

0'13 

0-11 

Hydrogen 

0-14 

0-05 

Carbonic  acid 

0-l(> 

0-02 

Olcfiant  . 

0-22 

0-08 

Coal  fras 

0-24 

0-12 

Muriatic  acid  . 

0-43 

0-08 

We  see  from  these  experiments  that  gases  have  very  different 
insulating  powers,  and,  that  these  powers  have  nothing  to  do 
with  the  specific  gravity  of  the  gas.  Muriatic  acid  gas  is  by 
f:ir  the  best  insulator  of  all  those  tried,  while  hydrogen  gas  is 
the  worst.  Nor  is  air  the  same  as  it  ought  to  be,  supposing 
it  a  mixture  of  4  volumes  azotic  and  1  volume  oxygen  gas. 
Mr  Faraday  conceives  that  this  insulating  power  depends  upon 
the  ease  or  difficulty  with  which  their  particles  are  made  to 
assume  the  polar  direction  by  induction — a  conjecture  certainly 
very  probable. 

The  appearances  of  the  sparks  when  drawn  through  differ-  App 
cut  gases  were  particularly  described  by  Van  Marum.  It  will  tpark. 
be  sufficient  if  we  give  here  the  observations  made  on  the  sub- 
ject by  Mr  Faraday.  In  air  the  sparks  have  an  intense  light 
and  bluish  colour,  and  often  have  faint  or  dark  spots  in  their 
course,  when  the  quantity  of  electricity  passing  is  not  great. 
In  azotic  gas  they  are  verj'  beautiful,  having  the  same  general 
appearance  as  in  common  air,  but  having  a  more  intensely  blue 
colour,  verging  towards  purple.  In  oxygen  the  sparks  are 
whiter  than  in  air  or  azotic  gas,  but  scarcely  so  brilliant.  In 
hydrogen  they  have  a  very  fine  crimson  colour,  which  passes 
away  as  the  hydrogen  is  rarefied.  In  carbonic  acid  gas  the 
spark  is  similar  to  that  in  air,  excepting  that  it  has  a  little 
green  in  it.  It  is  more  irregular  than  in  air.  In  muriatic 
acid  «thc  spsirks  are  nearly  white,  and  are  bright  throughout 
Dover  presenting  those  dark  intervals  that  appear  in  sparks 
drawn  through  air,  azotic,  and  some  other  gases.     In  coal  gas 
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^"^^  '^'    ^^^  spark  is  sotnotimes  green,  soraetinies  red,  and  both  coloun 
often  appear  in  the  same  spark.* 

*^  The  spark  is  a  discharge  or  lowering  of  the  poUrizrd 
inductive  state  of  many  dielectric  particles,  by  a  particoUr 
action  of  a  few  of  the  particles  occupying  a  very  amiill  and 
limited  space,    faniday  conceives  that  the  few  particles  whcrr 
the  discluirge  occurs  are  not  merely  pushed  apart,  but  assume 
a  peculiar  state,  a  highly  exalted  condition  for  the  time ;  that 
is  to  say,  have  thrown  upon  them  all  the  surrounding  forcei 
in  succession,  and  rising  up  to  proportionate  intensity  of  condi- 
tion perhaps  equal  to  that  of  chemically  combining  atoms,  dis- 
charge the  powers,  possibly  in  the  same  manner  as  tbcy  do 
theirs,  by  some  operation  at  present  unknown  to  us :  and 
so  the  end  of  the  whole.      The  ultimate  effect  is  csactiv  i# 
if  a  metallic  particle  had  been  put  into  the  place  of  the  dis- 
charging particle ;  and  it  does  not  set^m  impossible  that  tk 
principles  of  action,  in  both  cases,  may  hereafter  prove  to  be 
the  same.**     1  have  given  this  explanation  of  Faraday  in  hii 
own  words,  because  I  do  not  clearlv  understand  it.     I  ronU 
form  a  notion  of  the  particles  of  air  being  brought^  by  iixiiiP* 
tion  into  a  state  capable  of  conducting  electricity ;  and  the  li^kt 
emitted,  and  constitutinir  the  s^jmrk,  miiiht  be  owint;  to  tke 
Midden  condensation  of  the  particle^  of  the  elastic  fluid  thronffc 
which  the  electricity  ))a!*scs.      We  could  thus  see  why  a  sp»rk 
appears  when  electricity  passes  through  gases,  and  not  whci 
it  passes  tliroii>:h  wiri'-^. 

The  hmnh  is  the  next  form  of  disruptive  di.*char2e  after  thf 
spark.  If  an  insulated  conductor,  connected  with  the  po^iti*' 
conductor  of  anelectrical  machine  have  a  metal  hmI  0*3  inch  ii 
diameter,  projectiiiir  from  it  outwards  from  the  machine, •» 
terminatini:  bv  a  rounded  end  or  a  small  ball,  it  will  ccncral? 
iz'iw  L'ood  brushes;  or,  ulion  the  machine  is  in  l»ad  onlc'* " 
we  approach  the  hand,  or  a  larire  conducting  >urface,  to  »»• 
crease  the  induction,  wr  nuiy  obtain  a  brush  from  the  rouwW 
enil  of  the  wirr.  When  the  bru>h  i»  obtained  by  a  powf^*** 
machine,  on  a  Imll  about  0*7  inch  in  diameter,  at  the  cimI  el  * 

•  riiil.  Trans.  JhJS.  |».  IOt». 
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I  hrtiss  rod  attacliod  to  tlic  prime  conductor,  it  constitiiteB  Ch»p.  IX, 

[bill  of  con«  of  liglit.     A  short  conical  bright  part,  or  root, 

wnrs  at  the  iiiidille  part  of  the  ball  projecting  directly  from 

K  vhich.  at  a  little  distance  from  the  ball,  breaks  out  suddenly 

I  a  wide  brush  of  palo  ramifications,  having  a  quivering 

^ion,  and  hoitig  accompanied,  at.  the  same  time,  by  a  low, 

,  chattering  sound.*     Mr  Wlieiitstone  has  shown  that  the 

tsh  cnnsista  of  successive  intermitting  discharges.!     If  the 

B  be  passed  rapidly,  by  a  motion  of  the  eyeball,  across  the 

BCtion  of  the  brush,  by  tirst  looking  steadfastly  about  10  or 

I  degrees  above,  and  then  instantly  as  much  below,  the 

general  brush  will  he  resolved  into  a  number  of  individual 

brushes,  standing  in  a  row  upon  the  line  which  the  eye  has 

passed  over ;  each  elementary  brush  being  the  result  of  a  single 

discharge,  and  the  space  between  them  representing  both  the 

1  ime  that  the  eye  was  passing  over  the  space,  and  that  which 

elapsed  between  one  discharge  and  anolhor. 

kl'he  brugh  is  in  reality  a  discbarg;e between  a  bad  or  a  non-  Hraih. 
^ductor,  and  cither  a  conductor  or  another  non-conductor, 
tiler  common  circumstances  the  brush  is  a  discharge  between 
inductor  and  the  lur.  Mr  Faraday  conceives  it  to  take 
e  in  the  following  manner.}  Wlien  the  end  of  an  cletv 
■ed  rod  projects  into  Uie  middle  of  a  room,  induction  takes 
e  between  it  and  the  walls  of  the  room,  across  the  dielec- 
air:  and  the  lines  of  inductive  force  accumulate  upon  the 
I  in  greater  quantity  than  elsewbore  ;  or  the  particles  of  air 
[the  end  of  the  rod  are  more  highly  polarized  than  those  at 
other  part  of  the  rod.  The  particles  of  air  situated  in 
iions  across  these  hues  of  force,  are  least  polarized  in  sections 
towards  the  walls,  and  most  polarized  in  those  nearer  the  end 
of  the  \vires :  hence  it  may  happen  that  a  particle  at  the  end 
of  the  wire  is  at  a  tension  that  will  immediately  terminate  in 
ilisrharge:  whilst  in  (hose  only  a  few  inches  off,  tlte  tension  is 
Hiill  beneath  that  {Kiinl.  Suppose  the  rod  charged  positively, 
rtiolo  of  air.  A,  next  it  being  polarized,  and  having  of 
I  its  ocgattve  force  directed  towards  the  rod,  and  its 
*  FMrnilny.  Phil.  T^aIl^  IH3fl.  p.  IlO. 
1.  Trans.  ISM.  p.  i»fl.  I  Ibid.  la'tP.  p.  111. 

-il> 


403  KLKCTRICITV. 

I^rt  II.  positive  force  outwanld  ;  the  instant  that  disrhanj^  takes  pUre 
between  the  positive  force  of  the  particle  of  the  rcxl  oppowte 
the  air,  and  the  negative  force  of  the  particle  of  air  towards 
the  rod,  the  whole  particle  of  air  becomes  positively  electrified. 
And  when,  the  next  instant,  the  dischar||:od  part  of  the  rod 
resumes  its  positive  state,  by  conduction  from  the  surface  of 
metal  behind,  it  n(»t  only  acts  on  the  particles  beyond  it,  kr 
throwing  A  into  a  polarized  state  again,  but  A  itself,  in  con>r- 
quence  of  its  charged  state,  exerts  a  distinct  inductive  ac'.ioa 
towards  these  farther  particles,  and  the  tension  is  ronsoqucntlv 
so  much  exalted  between  A  and  K  (the  next  particle  of  air^ 
that  discharge  takes  place  there  also,  as  well  as  again  betwfea 
the  metal  and  A. 

The  brush  has  specific  characters  in  different  gases,  indicatiBJT 
a  relaticm  to  the  jmrticles  of  tliese.  bodies  even  in  a  stronsrr 
desjree  than  the  spark.  Faraday  found  no  difference  in  tb^ 
bru^h,  whatever  conductors  he  used  from  which  the  bnuli#^ 
originated.  He  tried  wood,  card,  cliarcoal,  nitre,  citric  arid, 
oxalic  acid,  oxide  of  lead,  chloride  of  lead,  carbonate  of  pota«h, 
melted  potash,  strong  solution  of  potash,  oil  of  vitriol,  sulpbur, 
sulphuret  of  antimony,  and  hcematite,  without  any  variation  h 
the  character  of  the  brushes*  obtained.* 
Effect  of         The  followini;  are  the  eft'ects  whieli  he  ol»?erved  with  dideretf 

gMCtOO. 

gases  at  the  positively  charjred  surfaces,  and  uith  atmofphrm 
varying  in  their  pre6i>ure.     The  ireiieral  effeet  of  ran'fartktf 
was  the  same  in  all  the  gases  tried:  at  tirst  siuirkii  paMid; 
these  gradually  were  converted  into  bni>hes,  which  hecttt 
larger  and   more  di>tinct  in   their  ramitieations,   until  upoi 
further  rarefaction  the  latttT  be<ran   to  collapse  and  dn«  i> 
upon  each  other  till  tlte\  furnied  a  stream  across  from  coodu^ 
tor  ti»  condu(*tor :  th«'ii  a  few  lateral  streams  >hot  out  tovarJi 
the  L'la>.i  of  the  vessel   from  the  cmuhictors.      These  \*eca9f 
thick,  tltissy,  and  soft  in  appearance,  and  «ere  succeeded  bj 
the  full  constant  (/A'lr,  which  coveretl  ihe  diM*har::ini;  wir*. 

V'lur  po^itivi*  bru.'«lii*s  are  ca>ily  obtaineil  in  air  at  cobb^* 
pr«*ddurc.-,  and  posses?  a  purple  lii;ht.    WhiMi  the  air  is  rarrf**^ 

•  VIA    Trail-..  I^3h.  y.  117 
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the  ramifications  are  rery  long,  filling  the  globe,  the  light  Cbap.  IX. 
is  generally  increased  and  is  of  a  beautiful  purple  colour,  with 
an  occasional  tint  of  rose  red.  In  oxygen  the  brush  is  very  close 
and  compressed,  and  of  a  dull  whitish  colour.  When  the  gas  is 
rarefied  the  form  and  appearance  are  better,  and  the  colour 
purplish,  but  much  poorer  than  in  air.  Azotic  gas  gives  brushes 
with  great  facility  at  the  positive  surface,  far  beyond  any  gas  tried 
by  Mr  Faraday.  When  the  gas  is  rarefied  the  brushes  are  magni- 
ficent. Hydrogen,  gas  at  common  pressure,  gives  a  better  brush 
than  oxygen,  but  not  equal  to  that  in  azotic  gas.     In  rarefied 
hydrogen  the  ramifications  are  very  fine  in  form  and  distinct- 
Dess,  but  pale  in  colour,  with  a  soft,  velvety  appearance ; 
greatly  inferior  to  those  in  azotic  gas.     When  the  gas  is  very 
much  rarefied,  the  colour  of  the  light  is  a  pale  grey  green.    In 
coalgcu  the  brushes  are  rather  difficult  to  produce;  they  are 
short  and  strong,  generally  of  a  greenish  colour,  and  possess- 
ing much  of  the  spark  character :  in  rarefied  coal  gas  the 
forms  are  better.     Carbonic  acid  produces  a  very  poor  brush 
at  common  pressures,  both  in  size,  light,  and  colour.     In 
rarefied  carbonic  acid  gas  the  brush  is  better  in  form,  but 
weak  as  to  light ;  being  of  a  dull  greenish  or  purplish  hue, 
varying  with  the  pressure.     It  is  very  difficult  to  obtain  a 
bruah  in  muriatic  acid  gas.     On  gradually  increasing  the  dis- 
tance of  the  balls  to  about  an  inch,  the  discharge  was  silent 
and  dark :  occasionally  a  very  short  brush  could  for  a  few 
moments  be  obtained,  but  it  quickly  disappeared  again.     On 
rarefying  the  gas  the  formation  of  the  brush  was  facilitated  ; 
bat  it  was  generally  of  a  low  squat  form,  very  poor  in  light, 
and  very  similar  on  both  the  positive  and  negative  balls.* 

It  used  to  be  said  by  electricians,  that  a  point  charged 
positively  gives  a  brush  to  the  air,  while  a  point  charged  ncga- 
^▼dy  gives  a  star;  but  Mr  Faraday  assures  us  that  this  is 
true  only  of  bad  conductors,  or  of  metallic  conductors  charged 
intermittingly  or  oth'erwbe  controlled  by  collateral  induction. 
If  metallic  points  project  freely  into  the  air,  the  positive  and 
'^^gative  light  on  them  di£fer  little  in  appearance,  and  the 

*  Faraday,  Phil.  Trans.  1838,  p.  118. 
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Pari  II.  difference  ran  be  oliservcd  only  on  close  examination*  If  a 
nictHllic,  wire  with  a  rounded  termination  in  tree  air,  be  used  to 
produce  the  brushy  discharge,  the  brushes  obtained  when  tbr 
wire  is  char^ircd  nefjativety  are  very  poor  and  small  compared 
with  those  obtained  when  the  wire  is  ciiargcd  poMtiirefy.  If  i 
liir«;e  metal  hall  connected  with  the  electric  machine  bo  cha^^Nl 
positively,  and  a  fine  uninsulated  point  be  gradually  brougbc 
towards  it,  a  star  appears  on  the  point  when  at  a  considerablf 
distance;  which,  thouj;h  it  becomes  brighter,  does  not  loneiu 
star  form  till  it  is  clo:^e  up  to  the  ball.  But  if  the  hall  be 
charged  negatively,  the  point,  at  a  considerable  distance,  hat  a 
star  on  it ;  but  when  bnmirht  nearer,  a  brush  is  formed  on  it 
extendin<r  to  the  ne<rative  ball.  When  still  nearer,  the  bnuh 
ceases  and  sparks  are  discharged.* 

When  sparks  are  passed  between  two  uninsulated  knobi  of 
different  si/es,  far  larger  sparks  pass  when  the  small  ball  if 
positive  and  the  large  one  negative,  than  when  they  are  inlbe 
opposite  states  of  electricity.f 

Tbft  glow.  What  Mr  Faraday  calls  the  f/loWj  is  a  clear  phu^pho^efCCSt 
light,  extending  a  very  little  way  from  the  metallic  ]>oiDt  in  air. 
Increased  power  in  the  niarhine  tends  to  produce  the  gk)«: 
for  munded  terminations  which  oidv  <:i\e  hru!»hes  when  ike 
macliiiie  is  in  woak  a(*tioii,  will  readily  ^ive  the  i^low  when  ii 
is  in  good  order.  Diminution  of  the  rhariring  ^urface  will  prc^ 
dure  it.  Thus  Mr  Faradav  found  that  when  a  rod  U*3  iocft 
in  diani(*ter  with  a  rountled  termination,  way  rendered  |Mtoitive 
bv  free  air,  it  ir»v«'  tine  l)ru>hes,  but  sometimes  alM>  a  i:l^«* 
With  a  wire  of  O'li  iiieli  diameter,  the  i:low  was  more  reacWj 
produ(*«'d :  and  ^till  niort'  readily  when  the  diameter  of  (^ 
wire  was  >till  fartliiT  retlu4*r«l.  Its  pn)durtion  is  very  bd^ 
facilitat«Ml  !i\  rarefxin^r  thi*  air. 

a  • 

To  obtain  a  n«*L'ati\e  l^ow  at  common  presi'ures  is  diAnuL 
/\  current  of  wind  u.-ii;ili\  proceeds  from  <>r  to  tbe^hiw  ;  V^^ 
be  iiiterfiTcil  witli,  llic  ::low  «li!*appears.  The  glow  secBtf'* 
depend  on  a  i|ni(  k  ;itid  :ilii.4i.-t  ii  iitiMUous  ihari*iiig  oflke^ifi 
doffC  to  tjr  in  c«>hl»u't   with  the  conductor.      N^hen  elcctrif'7 

•   r,il.»i;.i\.   ll.i.  'irj:  •.   l-o"-.  |..    IJO.  t   li»''-  h  **^' 
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is  disclinrged  in  rupi'lied  air  there  is  an  extendetlglow  from  the 
negative  knob,  and  a  dark  interval  at  the  positive  termination." 

Mr  h!nnw  Harris  lias  shown  that  the  distance  to  nhlch  a 
spark  can  fly  is  proportional  to  the  quantity  of  electricity  ac- 
ciiiniilated-t  This  distance  increases  directly  as  the  density 
of  the  air  diminishes.  Mr  Harris  has  shown  also  tliat  the 
Bpark  passes  through  just  the  same  interval  when  air  is  heated, 
without  altering  its  bulk,  as  it  does  when  tho  air  is  cold : 
hence  heated  air  is  not  a  conductor  of  electricity,  and  heat 
only  lenglhensthe  spark  hy  rarefying  the  air. J 

Wiim  the  eloctric  light  is  examined  hy  means  of  a  prism, 
it  is  fiiunil  composed  of  the  same  seven  coloured  rays  as  thi; 
iil;ir  light.  But  the  proportion  of  the  different  rays,  and  of 
'■  -urso  the  colour  of  the  electric  spark,  varies  according  to 

•  ircumstances. 

When  a  given  quantity  of  electricity  occasions  a  spark  hy 
passing  from  one  body  to  another,  its  brilliancy  is  always  the 
;;re«ter  the  smaller  the  size  of  the  body  from   which   it  is 

•  Irawn:  hence  it  happens  that  more  brilliant  sparks  may  he 
drawn  from  a  small  brjiss  knob,  fixed  to  the  prime  conductor 
ijf  an  electrical  machine,  than  from  the  prime  conductor  itself. 
A  short  s)tark  is  always  white ;  but  a  very  long  spark  is 
usually  reddish,  or  rather  purplish.  When  we  draw  a  spark 
from  the  prime  conductor  of  an  electrical  machine,  by  means 
of  a  metallic  knoh,  the  spark  is  white;  hut  when  we  draw  it 
by  the  hand  it  ia  purple.  If  we  draw  it  by  means  of  a  wet 
plant,  or  water,  or  ice,  the  colour  is  red.  The  same  spark 
will  vary  in  colour  according  to  its  length.  When  short  it  is 
.ilways  white,  when  very  long  it  is  purple  or  violet.  A  spark 
which  iu  the  open  air  does  nut  exceed  a  quarter  of  an  inch  in 
length,  will  appear  to  fill  the  whole  of  un  exhausted  receiver, 
fjur  inches  wide,  and  eight  inches  long.     In  the  former  cose 

i  is  while,  in  the  latter  the  light  is  very  feeble,  nod  the  colour 

s  ..dct. 

Thus  the  electric  spark,  like  the  light  from  burning  bodiesi 
■Iocs  not  always  contain  all  the  rays  which  exist  in  solar  light. 

•  F»f»iliiy,  riiil.  Trails.  IHas.  pp.  130,  138. 

t  Pliil.  Tran..  1B3«.  j..  228.  t  IbW.  p,  230. 
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Part  II.    \M)en  the  spark  is  fccMc,  only  the  moat  refrangible  rar« 
appear ;  when  it  is  strong  all  the  rays  appear  tocher,  m^ 
dering  tlie  light  of  the  most  dazzling  whiteness.     The  dee- 
trical  brush  is  always  violet  coloured.    When  a  spark  is  passed 
through  a  torricellian  vacuum,  made  without  boiling  the  ncr- 
cur\',  the  colour  is  indigo.     Now,  this  is  precisely  what  takn 
place  in  combustion.     When  the  combustion  is  feeble,  the 
colour  of  the  light  is  blue ;  but  when  it  is  strong  the  colour  is 
white. 
P^^Vf         It  is  well  known  that  electricity  occasions  a  current  in  the 
tii«con«i«n*air.     This  current,  indeed,  may  be  felt  with  the  finger,  and 
Zr.  it  has  iK'en  frequently  eiuploytHi  to  produce  very  rapid  notions 

in  light  bodies.     A  great  variety  of  amusing  exhibitions  of 
this  sort  arc  usually  shown  by  lecturers  on  electricity;  moit 
of  which  may  be  found  described  in  the  popular  treatises  oi 
electricitv,  which  are  in  evcrv  bodv's  hands.     It  is  evidcBl 
from  this,  and  from  the  prodigious  rapidity  with  which  dec^ 
tricity  moves,  that  when  an  electric  spark  passes  through  air, 
that    fluid   must   be  suddenly  and   enormously   compressed. 
Now,  it  has  l>ecn  shown  in  the  first  (Mirt  of  this  work«  thit 
when  air  is  sud'lenly  compressed  sutiiciently  it  gives  out  lisbt. 
and  that  the  colour  (»f  the  light  depends  upon  the  rapidity  and 
extent  of  the  compression.     This  circumstance  has  led  elec- 
tricians to  suspect  that  the  lii^ht  of  the  electric  spark  is  iMt 
inherent  in  electricity ;  but  merely  the  result  of  the  compre^ 
sion  of  tlic  air. 

That    air    is  violently  and  suddenly  compressed 
wh(*n  an  citvtrie  ?>park  is  piL<se<l  throutrh  it,  may  be  r 
shown  bv  the  follouinir  contrivance,  for  which  we  are 
indebted  tt>  Mr  Kinnersley  of  Phihidelphia : — \  B,  is  a 
a  L'la^A  tube  about  ten  inches  long,  and  nearly  two 
inches  in  diamet<T.      It   is  rlos«*il  air  tight  at  iMitho 
ends  bv  two   lirass  caps.      Throu«;h   a    hole   in   the  ' 
upper  i-ap  passes  the  small   trhiss  tube   II,   j|M.*n  at 
both  ends,  and  the  bottom  of  it  is  plunged  iuto  a  little  * 
water  in  the  lower  end  of  the  tube  A  H.      Thniugh  gi 
the  middle  of  eaili  of  the  liras.**  caps  a  wire.    F  Ci 
and  K  I,  is  introduced,  terminatini:  each  in  a  brass 
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knob  witbin  the  tube,  and  capable  of  sliding  tbrough  tbe  Chap.  IX. 
caps,  so  as  to  be  placed  at  any  distance  from  each  otber  at 
pleasure.  If  the  two  knobs  be  brought  into  contact,  and  a 
Leyden  jar  be  discharged  through  the  wires,  the  air  within 
the  tubes  undergoes  no  change  in  its  volume ;  but  if  the  knobs 
G  and  I  be  placed  at  some  distance  from  each  other  when 
the  Leyden  jar  is  discharged  through  the  wires,  a  spark 
passes  from  the  one  knob  to  the  other.  The  consequence  is 
a  sudden  rarefaction  of  the  air  in  the  tube,  shown  by  the 
water  instantaneously  rising  to  the  top  of  the  small  tube,  and 
then  as  suddenly  subsiding  to  H.  After  which  it  gradually 
sinks  again  to  the  bottom  of  the  tube  as  the  air  slowly  recovers 
its  original  volume. 

The  most  valuable  set  of  experiments  which  we  possess  on  Only  ap- 
this  interesting  branch  of  electricity  are  those  of  Sir  Hum-  eieetridtf 
phrey  Davy,  published  in  the  Philosophical  lyansacHons  for  JJrou^h 
1822.  By  boiling  mercury  for  some  time  in  a  bent  baro-J**J**® 
metrical  tube,  shut  at  one  end,  through  which  a  platinum 
wire  passed,  he  contrived  to  form  a  torricellian  vacuum  free 
from  air.  But  the  vapour  of  mercury  was  quite  sensible  in 
it.  In  all  cases  when  the  mercurial  vacuum  was  perfect,  it 
was  permeable  to  electricity,  and  was  rendered  luminous  by 
either  the  common  spark,  or  the  shock  from  a  Leyden  jar, 
and  the  coated  glass  surrounding  it  became  charged.  But 
the  degree  of  the  intensity  of  this  phenomenon  depended 
upon  the  temperature.  When  the  tube  was  very  hot,  the 
electric  light  appeared  in  the  vapour  of  a  bright  green  colour, 
and  of  great  density.  As  the  temperature  diminished,  it  lost 
its  vividness,  and  when  it  was  artificially  cooled  to  20^  below 
zero,  it  was  so  faint  as  to  require  considerable  darkness  to  be 
perceptible.  The  charge  likewbe  communicated  to  the  tin 
or  platinum  foil  was  higher,  the  higher  the  temperature. 
This,  like  the  other  phenomena,  must  depend  upon  the  dif- 
ferent density  of  the  mercurial  vapour. 

In  all  cases,  when  the  minutest  quantity  of  rare  air  was 
introduced  into  the  mercurial  vacuum,  the  electric  light 
changed  from  green  to  scargreen,  and,  by  increasing  the 
quantity  of  air,  to  blue  and  to  purple ;  and  when  the  tem- 
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Part  II.    |)cratiirc  wns  Imv,  tlu*  vacuttiii   became  a  iiiiioh  better  oon- 
durtor. 

A  varuum  hc'uvj;  nuu\c  l)y  means  of  fuseil  tin,  tbe  clectrir 
liirht  at  ttMn|HTaturi*s  below  0^  was  \elIow,  nn<l  uf  tbo  pale!4 
|>bus|)hure:*oeiit  kiml,  rrquirini:  abnost  absobitc  darkness  to  be 
peret'ivi'il,  and  it  was  not  pcrcejitibly  inorcased  by  heat. 

Daw  tried  to  form  a  vacunni  above  Imirniir  olire  oil,  aoJ 
aliovo  i'liloridc  of  aiitimonv,  wbii'b  boils  at  about  3s8^.  The 
lii^bt  produced  by  tbe  el«'ctrii'ity  passim^  tbroui^b  the  vap«>iir 
of  tbe  chloride,  was  much  more  l>rilliant  than  that  prtMlured 
by  its  passing  tlirouirh  the  vapour  of  oil — and  in  va]Miur  of  oil 
it  was  more  brilliant  than  in  vapour  of  mercury.  The  ii^'ht 
was  pure  white  in  the  vapour  of  the  chloride,  and  of  a  red 
incliuini;  to  purple  in  the  vapour  of  the  oil,  and,  in  bt)th  ca<eit 
permanent  elastic  tluiil  was  produced  by  its  transmission. 

When  the  tt'm])eratnre  was  dimini.'^bed,  the  electrical  Ibrht 
(transmitted  throuirh  vapour  of  mercury)  diminished  also  till 
the  temperature  was  reduced  to  *J()-.  I>ut  bt^tween  20^  juhl 
— 20^  it  seemed  ^tationarv. 

I'nless  the  electrifal  machine  was  very  active,  no  liffbt  «i» 
\isible  durimx  the  transmission  of  tlic  elcctrlcitv  ;  but  that  th* 
electricity  pa>.«cd  was  c\idciit,  fn^m  tlic  luminous  appearaiu*^ 
of  the  raretit'd  air  in  itthcr  parts  o\  the  >\phon.      When  the 
machine  \\as  in    trrcat  actixity,  there  uas  a  pah*  phosphor- 
escent liiihl  above,  ami  a  >p,irk  on  the  inerciiry  U-hm,  aO" 
brilliant  liiilit  in  the  lonnnnu  \acuum.     A  l.exdcn  jar,  Ho.ik*! 
cbarircd,  could    not    be   made   U*   trau'^mit    it.-*   eli*ctricit\    ^'J 
exphi^imi  tliroujh   tlie  i-umJimI   torriicllian  vaciium  :    but  il^^* 
elcctricitv  Ha->h)wl\  di-^ioatetl  tliroujh  it — and  when  >tri'ni-^') 
char«rcil,  the  spark   pa.-'-ed  throUL'h  nearly  as  much  sp.ice      ** 
in  common  air.  antl  with  a  liLiht  \i^ili]e  in  the  ^hade.      At     ^'' 
temperature>  below    'jtMi   ,  tl;e  nicrcurial   vacuum  ma*  .i  ii:» -»  '^ 
wor^e  ciMhluctor  than  hi-iil\  ran-tied  air;  and   \ihi*n  the  tu^  -^ 
containiu;/  it  wa.-*  iurlinl.-d   in  the  exhausted  re*  eiver.  its  ti' -'*" 
peratun*  lieiui'  almiit   .'jO   ,    t!ie  *park   paj«>etl   ihruujh  a  i^5  ■" 
tance  >ix  liini-*  i:reat«T  in  tip-  H.-vIfan  than  in  the  mercur'iJ^ 
\ai  num. 

I'runi  lhc.*e,  and    \arl'i,:,   similar   experiment.*   relali-J    •'.' 
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Davy,  it  seema  demonstrated  tliat  cleclricily  is  capable  of  Ch'P-  'X 
[iiisaiag  through  a  perfect  vacuum,  but  tbat  tlic  ligbt  emitted, 
lU'pendit  upon  tbe  vapour  or  atr  through  which  it  passes,  and 
tliat  if  the  racunm  were  perfect  no  light  whatever  would 
appear. 

The  appearance  of  the  electric  spark,  when  it  passes  through 
tiater,  seems  to  show  that  the  light  is  visible  i  iily  when  the 
ilfctricity  passes  from  one  body  to  another,  not  by  conduc- 
^<>n,  but  through  elastic  lut-dia;  for  the  electric  s]iark  may 
!!■  i.'asily  made  visible  in  water.  But  if  we  add  n  quantity  of 
<-i<)  to  the  water,  it  is  scarcely  possible  to  make  the  spark 
i^iblc  in  such  a  mixture.  Now,  the  addition  of  an  acid  in- 
TL'asca  very  materially  the  conducting  power  of  water. 
It  was  an  opinion  maintained  about  thirty  years  ago,  by  *ip["»^'» 
I. Liny  eminent  experimentera  in  Germany,  that  the  electric  ihe union af 
liirbt  is  of  the  same  nature  with  jire,  and  tbat  it  is  formed  by  gi«iridtiM. 
lite  union  of  the  two  electricities.  This  opinion  appears  to 
'i  ivo  been  first  stated  by  W'interl ;  and,  unless  I  misunder- 
:.ind  Kittcr,  he  seems  to  have  entertained  the  same  senli- 
iiK'iits.  But  tiiis  opinion,  though  it  appears  at  tirst  sight 
plausible — and  though  it  would  be  very  convenient  to  be  able 
lo  account  so  well  for  the  analogy  which  obviously  exiata  Imv 
liTPen  tire  and  electricity — will  not  bear  a  rigid  examination. 
Every  person  who  has  seen  an  electric  spark,  must  be  aware  Hut«iT»- 
liiat  tbe  passage  is  so  iDstautaneous  that  it  is  impossible  to 
wiy  from  which  point  it  proceeds,  or  to  which  it  goes.  If  the 
tpark  be  long,  that  is  to  eay  if  the  distance  between  the  two 
knobs  between  wbicb  it  passes  he  considerable,  the  presence 
■F  the  two  kinds  of  electricity  may  be  at  once  observed, 
-upposc  one  of  the  knobs  attached  to  the  prime  conductor  of 
11  electrical  machine,  and  the  olber  attached  to  a  conducting 
liiidy  connected  with  the  earth — the  portion  of  the  spark 
nearest  the  prime  conductor  of  the  machine  exhibits  all  tho 
I'baracters  which  distinguish  positive  electricity — while  the  por- 
tion of  the  spark  nearest  the  other  knob,  exhibits  ihe  charac- 
ters of  negative  electricity.  There  can  be  no  doubt,  therefore, 
that  cverj'  spark  is  composed  of  the  two  electricities.     When  | 

^Hb  charged  bodies  are  plticcd  witbin  the  striking  distance,   ^^^H 
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P«rt  11.  no  spark  will  pass  unless  the  one  body  be  charged  with  poti- 
five,  and  the  other  with  negative  electricity.  The  two  ekr- 
tricities  are  attracted  towards  each  other,  advance  at  the  sane 
instant  from  each  of  the  charged  bodies,  and  uniting  together 
somewhere  between  the  two  knobs,  all  symptoms  of  electridrr 
are  at  an  end.  Wlion  a  spark  is  short,  the  whole  distance 
between  the  two  knobs  through  which  it  passes,  is  equillj 
illuminated;  but  when  the  spark  is  long,  those  portions  of 
it  which  arc  next  the  knobs,  are  much  brighter  than  towards 
the  centre  of  the  spark.  Near  the  knobs  the  colour  is  white, 
but  towards  the  centre  of  the  spark  purplish.  Indeed,  if  the 
spark  be  very  long,  the  middle  part  of  it  b  not  iUuminatcd  at 
all,  or  only  very  slightly.  Now,  this  imperfectly  iHonuiiaiel 
part  is  obviously  the  spot  where  the  two  electricities  miitr* 
and  it  is  in  consequence  of  this  union,  that  the  light  is  lo 
imperfect. 

From  all  this,  it  is  sufficiently  obvious  that  both  the  elecln- 
cities,  when  in  an  insulated  state,  are  capable  of  giving  Mrt 
a  brilliant  light ;  consequently  the  electric  spark  eannoC  k 
owing  to  the  two  electricities  combining  together.     Whoever 
has  obscned  the  passage  of  long  sjmrks  from  one  hoAr  to  si^ 
other,  cannot  but  have  remarked,  that  the  plac^e  where  tbe 
light  is  the  legist,  or  where  there  is  an  interval  of  no  li^U 
lies  much  nearer  the  negative  than  the  positive  knob,    ii 
general,  about  two-thirds  of  the  spark  C4)nsist  of  poiitffr 
electricity,  and  about  one-third  of  negative  electricity.    Thf 
cause  of  this  difference  between  the  length  of  the  two  eleccri* 
cities  in  ri^uch  cartes  we  have  no  means  of  explaining. 
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Cb»p.  X. 


'  has  been  otated  in  a  former  chapter,  that  when  two  elec- 
trical bodies  are  rubbed  against  each  other,  both  are  excited ; 
tlie  otic  becoming  positively  electrified,  aud  the  other  nega- 
tively. The  state  induced  depends  upon  the  bodies  rubbed, 
and  a  table  was  given  sbowing  tbe  order  in  which  variuus 
bodies  may  be  placed  so  as  to  indicate  which  of  the  two,  wlien 
nibbed  against  each  other,  will  bt'come  positive,  and  which 
negative*  This  law  may  be  extended  to  all  bodies,  both 
non-conductors  and  conductors;  only  that  when  wc  employ 
conducting  bodies,  we  must  take  the  precaution  to  insulate 
thorn  before  rubbing  tliem  against  each  other.  So  slight  arc 
the  circumstances  which  occasion  tbe  kind  of  electricity 
olved  In  each  body,  that  it  is  very  difGcult  to  investigate  the 
"ect. 

f  we  take  two  ribbons  of  white  silk,  cut  from  the  same  Nrftfin 
ie,  and  make  tbem  rub  against  each  other,  while  they  cross  „eU*i  by 
h  other  at  right  angles,  the  piece  which  crosses  the  other  (rieStu" 
ly  assumes  nrgatite  electricity,  while  the  other  be- 
3  positive.     In  this  case,  the  points  of  the  ribbon  that 
e  negative  are  obviously  exposed  to  a  greater  degree  of 
1  than  those  of  the  other ;  they  arc  subjected  to  greater 
tation  and  become  more  heated.     These  it  would  appear 
e  conditions  requisite  to  induce  negative  electricity.     A 
r  effect  is  sometimes  produced  by  rubbing  two  sticks  of 
Ung-wax,  placing  them  at  right  angles  to  each  other.    The 
i  which  crosses  the  other  at  right  angles  experiences  the 
rtction,  and  sometimes  rubs  off  small  particles  of  the 
1  this  case  the  two  electricities,  though  disengaged, 


'  Sro  Chapter  I.,  page  3'iO. 
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I'ari  II.    reunite  imiTKHliatelv  if  the  two  sticks  arc  left  in  contact  of  each 

^—         —  • 

other.  It  8eom:«  to  follow  from  these  examples,  that  when 
two  bodies  are  rubbed  against  each  other,  the  one  which 
experiences  the  greatest  friction  becomes  negative,  and  the 
other  positive. 

I  lence  the  reason  why,  when  smooth  glass  and  rough  glass 
are  rubbed  asrainst  each  other,  the  rough  glass  becomes  nega- 
tive. Its  particles  must  lu*  more  agitated  and  displaced  ihaa 
those  of  the  smooth  glass. 
DrUrire*t  M.  Dclarive  found  that  when  we  pass  the  finger,  or  anr 
^J!i!!!^  substance  whatever,  over  a  metallic  surface  in  contact  wish 
one  of  the  plates  of  the  condenser,  there  is  a  sensible  di«- 
engagement  of  electricity.  To  nuike  this  experiment,  the 
hand  must  be  dry.  If  it  be  moist,  no  effei^t  is  produced.* 
The  metals  rubbed  bv  the  hand  do  not  all  take  the  same  kind 

m 

of  electricity :  antimony,  for  example,  becomes  negative,  aaJ 
bismuth  positive ^the  reverse  of  what  happens  when  thetvo 
metals  are  rubbed  a:r«'xinst  each  other. 

When  we  employ  as  a  rubber  ivory,  horn,  cork,  or  wood, 
the  following  metals  become  negative : — 

HhfMliiiin  Tt'Iliiriiiiii 

Phitiiiiiiii  Cobalt 

Pallafliiiiii  Nirkrl 
(ioia 

The  folloviing  metals, 

SilviT  Hnt<H 

0»p|MT  Till 

are  also  usually  negativr,  but  sometimes  |H)sitive,  especiat  -*J 
tin. 

Antimony  is  ;;t'nerally  slroni:Iy  negati>e,  thou^rh  somcli 
also  it  is  ob:?ervt'd  posiitivo.  The  kinil  of  elect ricit}  assu 
bv  iron  and  zint*  i**  vcrv  variable.  Lead  and  bismudi 
alway**  po*iti\e. 

Tt»  Mu«ly  the  causes  of  the>e  dilFereni-es,   we  mu.-t  ft 
Hiih  diU'eri'Ut   nietal>,  >ueli  a*'  antimonv,  bismuth,  and  fe*^ 
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and  those  which  tievclope  the  opposite  electricity,  such  as  tin,  Chap.  X. 
zinc,  and  iron,  cubes  having  a  square  inch  for  each  side,  in 
order  to  operate  sometimes  on  the  niost  or  least  polished  faces 
and  eonietimcH  on  the  edges.  The  following  are  the  results 
obtained  by  operating  in  this  way: — In  very  dry  air,  and 
when  the  finger  or  rubber  is  dry,  the  uncertain  metals,  or 
iliose  whieh  assume  contrary  electric  states,  are  always  nega- 
tive, whether  the  surface  rubbed  be  polished,  rough  or  oxy- 
ilized.  When  the  surface  rubbed  is  large,  the  metal  becomes 
pusitive,  if  wc  draw  the  rubber  along  its  whole  extent ;  and 
lucist  easily  when  we  rub  it  with  cork. 

An  augmentation  of  temperature  in  one  of  the  two  bodies 
iiiiTeases  the  effect,  and  moditiea  its  nature.  Iron,  tin,  and 
.inc,  exposed  tniraediately  to  a  high  temperature,  and  rubbed 
<  u  a  smooth  surface,  give  most  commonly  positive  electricity, 
I  lid  negative  when  they  are  rubbed  upon  the  edges.  The 
L:ri-ater  or  less  rapidity  of  the  friction  has  no  effect  upon  the 
kiud  of  electricity  induced. 

M.  Delarive  explains  these,  and  many  similar  phenomena.  ili^'Ki'Ui 
from  this  principle,  which  he  assumes  as  true,  that  "  all  metaU 
when  they  are  rubbed  by  the  hand,  cork,  wood,  Ike,  become 
negative  provided  they  be  rubbed  upon  a  rough  surface." 
He  ascribes  the  change  in  tlie  kind  of  electricity  which  these 
metals  exhibit,  to  the  property  which  certain  metals  have  of 
funning  a  thin  coat  of  oxide  on  their  surface.  Tbis  is  remored 
by  rubbing,  so  that  the  friction  no  longer  takes  place  between 
the  metal  and  wood,  but  between  the  metal  and  the  coat  of 
oxide  which  covers  the  surface  of  the  rubber,  the  metal  being 
iilways  positive  with  respect  to  this  oxide.  When  the  coat  of 
"vide  is  thick  and  cannot  be  removed,  the  friction  takes  place 
i-ulireeo  the  rubber  and  that  oside.  In  this  case  the  metal 
V  untributcs  nothing  to  the  kind  of  electricity  induced. 

W'f  obtain  more  readily  signs  of  positive  electricity  in  these 
mtitals  when  we  rub  them  with  cork  or  caoutchouc,  because 
the  gentler  the  friction  tlie  more  easily  is  the  coat  of  oxide 
removed.  These  results  of  Delarivc  show  the  precautions 
which  ought  to  be  taken  in  making  cxperimcnla  relative  to  ibc 

lengagcnient  of  elcctricily  hy  friction. 
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P»rt  If.  The  state  of  the  Burface  has  such  an  effect  in  these  ezpcri- 
menta  that  in  cyanite  certain  faces  become  poaitiTe  when 
nibbed,  and  others  negative,  without  it  being  possible  to  dis- 
cover any  difference  between  them.* 
CoaUranb't  (Joulomb's  experiments  are  calculated  to  throw  sone  lisht 
upon  this  subject.  They  were  made  known  to  the  scientiSc 
world  by  M.  Kiot,  who  had  in  his  possession  the  manuscripts 
of  this  celebrated  philosopher.f  A  ribbon  of  hot  paper  mbbcd 
against  white  linen  cloth  becomes  always  negative.  The 
same  thing  happens  when  it  is  rubbed  nf^^inst  a  metal,  udIcm 
this  latter  has  a  great  degree  of  polish,  in  which  case  it  girei 
sometimes  very  feeble  indications  of  positive  electricitj. 
When  rubbed  against  white  silk  cloth,  it  becomes  eqaally 
negative ;  but  when  both  bodies  have  the  same  temperatorr. 
the  paper  gives  frequently  very  weak  signs  of  positive  elcrtri* 
city.  When  hot  paper  is  rubbed  against  black  silk,  it  always 
a:*>umes  positive  electricity ;  but  when  the  black  silk  is  half 
worn,  the  hot  paper  acquires  negative  electricity. 

A  hot  ribbon  of  white  silk  always  l)ecomes  negative  whci 
rubbed  against  metal ;  but  if  we  allow  it  to  cool,  it  gives  vtry 
weak  indications  of  positive  electricity  when  the  metal  is  find; 
polished.  A  black  silk  ribbon,  whether  hot  or  cold,  becomn 
always  negative  when  rubbed  ai^ainst  a  metal,  whether  the 
metal  be  polished  or  not.  When  the  riblMiU  has  but  Uttk^of 
the  silky  texture,  it  sometiuies  gives  sijrns  of  positive  cl«* 
tricitv. 

m 

Wh«*n  a  pieci'  of  silk  cloth  is  a^ritatcd  with  a  certain  rapiJitj 
in  the  air,  it  becomes  neirativclv  electric :  the  air  of  courw 
must  berome  positive. 

A  ribbon  of  silk,  )>aper,  or  linen,  rubbed  airainst  the  A^ 
of  an  animal  still  covered  with  hair,  always  becomes  negsu*'** 
iiiul  the  intrnsity  i>  always  greater  than  when  other  ruhhf** 
are  usimI. 

.All  theM»  examples  favour  the  opinion  statixl  at  the  br:*- 
nin;:  of  thi.'*  rliapter,  that  those  animal  and  \ egetabic  li^'*^ 
whose  part>  arc  the  iiin?*t  lax,  ami  which  then»forc  expert** 

*  IIti>i\**  Triitt'*  «li'  MiiK'Rilii^fp  ill.  *i'i<i. 
f  'rraitr  <li*  l*h\ •i({ii«',  ii.  :iu4. 
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a  greater  displacement  than  metallic  bodies  against  which  Chap,  x. 
they  are  rubbed,  acquire  negative  electricity.  It  would  appear 
also  that  heat  disposes  bodies  to  assume  the  state  of  negative 
electricity.  By  separating  the  particles  of  bodies  farther  from 
each  other,  it  brings  them  under  the  class  of  bodies  whose 
surfaces  are  covered  by  slight  asperities. 

The  experiments  of  M.  Dessaignes  confirm  these  notions.*  ^SSl*"*** 
He  studied  the  efiect  produced  by  immersing  bodies  in  mer-  menu, 
cury.  He  distinguished  three  kinds  of  immersions,  namely, 
rapid,  slow,  apd  leaving  the  body  in  the  mercury  for  some 
time.  The  substances  before  their  immersion  were  kept  in  a 
glass  jar  containing  quick-lime,  that  they  might  be  as  dry  as 
possible.  Glass,  sulphur,  sealing-wax,  and  amber,  at  the 
temperature  of  50^,  do  not  become  electric  when  immersed  in 
either  of  these  modes,  nor  though  the  temperature  be  raised 
as  high  as  64^o,  provided  that  of  the  mercury  keep  pace  with 
it :  amber  begins  to  assume  electric  properties  at  52^^,  sealing- 
wax  at  59^,  and  glass  at  68^.  These  bodies  must  be  left  in 
the  mercury  till  the  equilibrium  of  heat  be  restored;  they 
must  then  be  withdrawn  slowly.  Between  192^  and  212^  all 
electricity  disappears,  even  when  the  immersion  is  rapid. 
According  to  Dessaignes,  none  of  these  four  bodies  are 
electric  unless  the  immersion  be  accompanied  by  mechanical 
pressure. 

Hc'found  that  cotton,  paper,  and  linen,  became  very  electric 
when  immersed  in  any  of  the  three  modes  between  50^  and 
192®.  Glass,  sulphur,  amber,  and  sealing-wax,  are  always 
electric  when  they  are  a  little  hotter  than  the  mercury :  one 
or  two  degrees  is  sufiicient.  A  cylinder  of  glass  at  212®  does 
not  become  electric  when  plunged  into  mercury  at  64^;  nor, 
^opposing  the  glass  at  64<>,  does  it  become  electric  when 
plonged  into  mercury  between  140®  and  176°;  but  it  becomes 
®'ectric  when  the  temperature  of  the  mercury  is  between  104® , 
Md  122®. 

^ith  respect  to  the  kind  of  electricity,  M.  Dessaignes 
'Ound  that  when  the  mercury  in  the  barometer  is  rising,  and 

•  Jour,  de  Phys.  Ixxiii.  230. 
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Part  II.  the  temperature  of  the  atmosphere  becoming  colder,  eLun 
amber,  and  sealing-wax,  cotton,  silk,  and  linen,  when  pluog- 
ed  into  mercury  are  always  negative ;  hut  they  are  po^itiTe 
when  the  barometer  is  fallin>;  and  the  atmosphere  becoming 
warmer.  Sulphur  w:is  always  positive.  During  summer  he 
always  found  these  bodies  positive  in  impure,  and  ne«rative  in 
pure  mercury. 

Cold,  as  well  as  heat,  destroys  the  electricilv  in  these  ex- 
periments. 

We  see  in  these  results,  that  with  respect  to  amlier,  sulphur, 
sealing-wax,  and  glass  bodies,  the  particles  on  the  surface  of 
which  are  not  easily  displaced,  simple  contact  with  mercun 
does  not  evolve  electricity,  but  that  we  must  produce  an  a<;ita> 
tion  on  their  surfaces ;  while  with  cotton,  {taper,  and  linfli, 
the  particles  of  which  are  easily  deranged  in  consequence  of 
their  elasticity,  a  slight  agitation  is  sufficient  t(»  prodnrt 
electric  phencmiena. 

M.  Dessaignes  tried  also  what  was  the  influence  of  heat  and 
cold  on  metals  to  modify  the  state  of  their  electricity  when 
rubbed  against  other  Ixxlies.  The  metals  tried  were  grU. 
bismuth,  zinc,  antimony,  and  lead.  These  nietaN  ^hen  coolrj 
down  to  .32=>,  do  not  become  electric  by  friction.  Durinj?  tU 
great  h(Nit3<»f  summer  the  state  of  their  elcrtri«'ity  \s  quite  tb« 
reverse  of  what  it  is  in  winter.  In  summer,  beatin^r  rend^Tt 
them  positive,  and  tbey  beroinr  ncirative  tin  cijolinj;.  Tic 
reverse  happens  in  winter. 

M.  Dessaisrnes  afiinns  also,  that  the  density  of  the  air  ba* 
an  influence  on  the  cleftricily  of  these  ni«>tals.  When  tlr 
baronirtrr  is  biiib  and  tlir  wintl  n«»rtlM»a*t  or  north-west,  tL< 
metals  an*  bi^lilv  clrrtrir.  In  such  a  ra^ic  ihev  are  alwav» 
po>itivi»  ^^hrn  thr  tfuiperaturc  I'f  the  air  is  increa>ing,  acd 
ne<:ativ<>  mIiou  it  i»  (iiiniui>bintr. 

In  tbf  pnv*rnt  ithprrfi-cl  slate  of  our  kn«»u  li-d:;e,  1  fcair 
tbonuht  it  ri:»lit  li>  >Mte  all  the  important  facts  respecting  th< 
evolution  of  rK'rtririr\  by  frirtion,  as  they  ba\e  btvn  ii»!Ictlftl 
l»y  M.  HeccjurnK*  tin  n;;h  the  explanation  of  them  i*  not  teri 

rr.ii:t' dr  rKlrctrii-ilr,  li    r.'I. 
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obrious.     Those  of  Dessaignes  in  particular  seem  of  difficult  Chup.  XI. 
explauatioD.     New  experiments  are  still  wanting  to  enable  us 
to  construct  even  a  plausible  theory. 


CHAPTER  XL 

OF  ELECTRICITY  BY  HEAT. 


It  has  been  long  known  that  heat  produces  considerable  changes 

upon  the  conducting  power  of  various  bodies.     Some  of  the 

best  electrics  become   conductors,  when   heated  sufficiently. 

Thus  glass  when  heated  to  redness,  becomes  a  conductor.*    In  Heat  ren. 

like  manner  resins  when  melted  become  conductors.     Baked  condocton. 

wood  at  the  common  temperature,  is  a  non-conductor ;  but 

when  heated  very  hot,  as  when  just  taken  out  of  the  oven,  it 

is  a  conductor.      Dr  Priestley  observed,  that  a  charge  could 

not  be  passed  through  melted  tallow.f     Though  there  can  be 

no  doubt  that  it  conducts  much  better  than  cold  tallow. 

But  much  new  light  has  been  thrown  upon  this  subject  by 
the  experiments  of  Faraday.  In  the  sixth  chapter  of  this 
treatise,  an  abstract  of  these  experiments  has  been  given.  He 
has  shown  that  many  bodies  which  are  non-conductors  in  their 
solid  state  become  conductors  when  melted.  A  table  of  fifty 
bodies  which  are  in  this  predicament  has  been  given  in  page 
376  of  this  work ;  while  twenty-five  bodies  are  enumerated 
"which  are  non-conductors  both  while  solid  and  fluid.  Nor  can 
any  satisfactory  explanation  be  given  of  the  cause  of  this  re- 
markable difierence ;  but  as  these  bodies  are  changed  from  a 
solid  to  a  liquid  state  by  the  addition  of  heat,  it  seems  to  follow 
that  in  many  cases  at  least,  heat  has  a  tendency  to  increase  the 
conductibility  of  bodies.  Faraday  conceives  that  the  conducti- 
bility  is  favoured  by  liquidity,  because  when  bodies  are  in  a 
liquid  state  their  particles  can  more  easily  assume  that  polar 
state  which  he  considers  as  the  sole  cause  of  conductibility. 

»  Priestley;  Hist,  of  Electricity,  p.  610.  f  Ibid.  p.  615. 

2e 
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P«rti!.    But  if  this  were  the  only  reason,  it  is  not  easy  to  «ee  why 
every  solid  body  should  not  become  a  conductor  when  Uquificd. 
Eicetricitj       The  magnetic  needle  is  so  delicate  a  test  of  the  preaeoee  of 
iMMUngtwo  an  electric  current,  howcrer  small,  that  it  has  enabled  men  of 
"******•       science  to  discover  its  existence,  where  it  was  not  before  sus- 
pected to  exist    Scebe^k  discovered  that  if  a  bar  of  antimoQj, 
A,  (see  fig.  in  the  margin,)  eight  ■ 

inches  long,  and  about  an  inch 
wide,  have  a  slip  of  copper  B,  or 
a  copper  wire  soldered,  or  firmly 
tied  to  its  two  extremities,  and  a 

bent  into  a  rectangular  shape,  if  we  apply  the  heat  of  a  laap 
to  one  of  the  extremities  of  the  antimony  bar,  a  needle  plaeed 
within  the  current  as  at  C,  will  be  deflected  from  the  magnctk 
meridian,  and  will  tend  to  place  itself  at  right  angles  to  the 
antimony  bar ;  showing  that  a  current  of  electricity  is  passed 
through  the  circuit  composecl  of  the  antimony  and  copper.* 
Dobereiner  repeated  this  experiment,  the  bar  A  being  of  s^ 
timony,  and  B  of  copper,  found  that  the  heat  of  the  hand  wai 
sufficient,  when  applied  to  one  of  the  extremities  of  A,  toeaaie 
the  needle  to  deflect  ten  or  twelve  degrees  from  the  magmtir 
meridian  .f 

Of  the  metals,  bismuth  and  antimony  are  the  two  wbick 
pro<Iuce  the  greatest  eSect,  when  they  are  used  together; 
bismuth  being  the  mo8t  negative,  and  antimony  the  most  po«- 
tive  of  all  the  metals  hitherto  trie<i  as  thermo-electrics. 
Sl^Jlfh '  ^^  important  series  of  experiments  was  made  upon  ^ 
metals,  as  thermo-elertricj*,  by  Dr  Trail  of  Edinburgh,  and  Mr 
Scoresby,}  and  likewise  by  Professor  C'umming  of  Camhridgr^ 
He  found  the  order  of  the  metals,  as  thermo-electrics,  b(p^ 
ning  with  the  most  negative,  and  terminating  with  the  wfi^ 
positive,  as  follows : — 


•  Annaln  of  l>hiloM>pliy,  (id  Sfriet.)  iv.  318.     Aih!  Gilbert*t 
diT  Phynl'*  lz>"i-  430. 
t  Il*i<l.  p.  ii:>. 

t   KttifiUiirKh  Phil.  Transi.  ix.  4i>5,  and  Annals  of  l*hil<wopbT,  n.4^ 
§  AnnttU  of  Philo*<ipl*y.  (iM  StTkm.)  v.  4^7  ;  ▼!.  177,  «», 
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1  eiUm. 

nhodlum 

Gold 

3  Mercurj    } 

Copper 

4  NiclccI       / 

Om  of  iridium  Olid  osmium 

S  Pluiaum 

Silver 

fi  PhUmUuid 

Zino 

r  Cobult       1 

Ckureo.!     ) 
Plumb.go  ; 

8  Till 

Irou 

Lead 

Arsenic 

B^ 

Antimony 

e  place  of  tellurium  in  the  i 


3  is  immediately'  above  a 


r  Every  one  of  tlic  metnis  in  this  series  gives  a  western  de- 
dioation  to  the  north  pole  of  a  magnet  placed  immediately 
below  it,  when  it  ia  united  with  any  of  those  that  precede  it 
1  the  list  i  and  an  eastern  declination  whai  it  is  united  with 
J  of  those  that  follow  it  in  the  series;  it  being  andoritood 
t  a  portion  of  the  circuit  iB  heated  by  the  application  of  a 
rit  lamp. 

t  ia  obvious  thtit  the  above  order  of  the  metals  is  very  dif- 
Pent  from  that  which  they  follow  when  plated  in  the  galvaoic 
te  along  with  liquid  conductors.  No  satisfactory  explanation 
s  difieronce  has  yet  been  given.  It  is  probably  connected 
ti  the  goodness  of  the  metals,  as  conductors  of  heat, 
n  order  to  produce  therrao-eiectric  ofiocts,  it  is  not  neces-  iint  am 
J  to  apply  heat.     A-ny  thing  which  alters  the  temperature  "X^^im 

!  part  of  the  chain,  from  that  of  tlie  rest,  occasions  a  ■**'"• 
iation  in  the  declination  of  the  magnet:  for  example,  if  we 
I  cold  in  any  part  of  the  antimony  bar,  hy  applying 
r  to  it,  and  allowing  it  to  cvajwrate  ;  or  if  wc  cool  it  by 
fc  application  of  ice.  The  greatest  effect  of  all  is  produced 
!  magnet,  when  one  part  of  the  bar  is  heated,  and  the 
^r  cooled.  It  is  evident  from  this,  that  the  evolution  of 
Ktricity  depends  upon  the  difference  in  the  temperature  of 
Ifieront  parts  of  the  metalhc  chain. 

;  has  even  ascertained,  that  in  order  to  produce       
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I'art  1 1,  thermo-electric  effects,  two  different  metals  are  not  necessary.* 

_         ^  A  sinfiflc  metal  will  answer,  provided  there  be  differences  in  its 

Bat  a  dif-  "  ' 


frrvner  of    tcitiire  and  cohesion.     Seebeck  cast  rings  of  antimonVt 
t«>ropera.     muth^  and  zinc,  and  took  care  that  certain  parts  of  them  were 
cooled  much  more  rapidly  than  others.     The  parts  rapidir 
cooled  assumed  a  fine  grained  texture,  and  a  greater  degree 
of  density,  while  the  other  portions  of  the  ring  that  were  slowly 
cooled  became  crystalline  in  their  texture.     When  these  rings 
were  heated  at  the  point  of  contact  of  the  different  textures, 
they  acted  upon  the  magnet.     There  is  a  curious  cxp<*riaient 
of  Becquerel,  which  proves  the  same  thing.     lie  heated  to 
retlness,  one  of  the  ends  of  the  wire  which  constitutes  the  mul- 
tiplier of  Schweigger,  and  brought  it,  while  in  this  state,  m 
contact  with  the  other  end  of  the  wire  which  was  cold.     Tk 
needle  immediately  suffered  a  declination,  showing  the  erola- 
tion  of  a  current  of  electricity.     The  thicker  the  wire  of  the 
multiplier  is,  the  more  easily  does  this  experiment  succeed; 
probably  because  the  difference  of  temiierature  immediatdT 
disapwars  in  very  small  wires.     When  the  two  extremities  of 
the  multiplier  are  soldered  together,  or  when  heat  is  a^Jied 
at  a  distance  from  the  point  of  contact,  no  sensible  action  i« 
produced  on  the  magnet.     Ihit  if  we  tuurh  the  wire  in  the 
neighbourhood  of  the  liCtitcd  place,  with  a  thick  cold  wirrof 
the  same  metal,  the  magnet  is  iuunediately  afftHrtinl.     It  vouU 
seem  from  this,  that  a  mere  difference  of  temperature  i*  not 
sufficient  to  evolve  electricity,  but  that  the  heat  muj^taliob^ 
ab.^tracted  more  rapidly  from  one  of  the  sides  of  the  hcstcd 
pnint,  than  from  the  other  side. 

Kven  rKpfhls  may  be  made  to  act  as  thermo-electrics.     S«^ 

beck  found  that  concentrated  acids — for  example,  the  sulphurir, 

nitric,  and  nuiriatic — occupy  a  place  above  bismuth,  whilttbf 

Thrnne.    »c«>ncent rated  fixed  alkalies  staiul  at  the  other  extremity  of  tbf 

•ifl^tricro-  geries  Ih*Ii»w  antimony.       \Nlien  the  .icids  are  diluted  »i*^ 

UtMII. 

water,  they  approach  the  middle  of  the  series.  Uut  water  J^ 
diice.N  no  etr«*ct  upon  the  alkalies.  Water  and  liquid  BmW^^ 
occnpv  very  nearly  the  niitldle  of  the  Ncries. 

*  (iii!  f't*>  Ai.i.aUn  <Jir  r(\«ik,  Uiiii.  4:n. 


ELECTRICITY  BY  HEAT. 


421 


Professor  Gumming  discovered,  that 
rotatory  motions  may  be  induced  by 
thermo-electricsy  as  well  as  by  common 
electro-magnetism.  The  figure  in  the 
margin  represents  the  contrivance  which 
he  employed.  Platinum  and  silver 
wires  were  soldered  together,  poised 
upon  a  magnet  and  heated  by  a  spirit 
lamp.  A  B  D  C  represents  the  pla- 
tinum wire,  AbcdefC  the  silver  wire. 
N  S  is  the  magnet,  c  N  the  support  of 
the  wires,  and  L  a  spirit  lamp.  The 
platinum  wire  is  so  much  thicker  than 
the  silver  wire,  that  the  part  A  B  balances  the  projecting  part 
of  the  silver  wire  defC.  A  wire  is  attached  to  d  e  Sit  right 
angles,  with  a  small  weight  to  counter-balance  B  D  C*  He 
afterwards  found  it  more  convenient  to  bend  the  parallelogram 
into  the  form  of  a  semicircle.  When  the  lamp  and  magnet 
are  placed  opposite  to  each  other,  the  rotation  is  produced. 
But  the  efi^ect  is  improved  by  placing  another  magnet  90^  from 
the  first,  having  its  poles  in  the  contrary  direction,  and  being 
connected  with  it  by  a  bar  of  soft  iron  placed  beneath  them. 
With  this  arrangement,  the  rotation  will  be  from  right  to  left, 
or  from  left  to  right,  according  to  the  position  of  the  lamp.f 

Upon  the  subject  of  thermo-electricity,  we  refer  the  reader 
to  Btecquerel's  Traiie  de  VEkciricite  et  du  MagneHsme^  (ii. 
34.)  He  has  shown  that  heat  does  not  exalt  the  electricity  of 
a  charged  Leyden  phial,  that  when  a  single  wire  in  communi- 
cation with  a  delicate  condenser  is  heated  in  one  point,  while 
the  rest  is  kept  cool,  the  hot  portion  becomes  positively  electric, 
while  the  next  portion  is  negative,  and  that  these  two  states 
make  their  way  along  the  wire  as  the  heat  advances,  and  that 
thus  a  current  of  electricity  is  evolved.  He  has  also  investi- 
gated with  much  ingenuity  the  intensity  of  currents  induced 
by  difference  of  temperature  in  different  metals  soldered  to- 
gether, and  though  he  has  not  been  successful  in  discovering 


Chap.  X  I. 


*  Annals  of  Philosophy  (2d  Series),  vi.  179.  t  Ibid.  p.  436. 
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PiMtir.    the  law  which  this  intensity  follows,  he  has  determined  aererml 
points  of  considerahlc  importance. 

But  heat  not  only  alters  the  conducting  power  of  bodiea» 
and  induces  currents  of  electricity  in  conductors ;  there  are 
some  bodies,  which,  when  heated,  become  charged  with  elec- 
tricity, both  positive  and  negative,  and  which  when  thus  es« 
cited,  retain  their  charge  for  a  considerable  time.     The  moiC 
remarkable  of  these  bodies  is  the  tourmalin. 
Tba  tMr.        Thc  tourmalin  is  a  hard  crystallized  mineral,  which  oocm 
in  granite,  and  mica  slate.     It  has  been  obserred  also  imbed- 
ded in  dolomite,  at  St  Uotbard.     The  primary  form  of  the 
crystal  is  an  obtuse  rhomboid,  but  it  occurs  most  commonlj 
crystallized   in  three,  six,  or  nine-sided   prisms,  terminated 
sometimes  by  three-sided,  sometimes  by  six-sided  pyramids, 
and  sometimes  by  other  terminations,  which  arc  minutely  de- 
scribed by  crystallographers. 

This  mineral  appears  to  have  been  known  to  the  aiiGieati» 
and  seems  to  be  meutione<i  by  Theophrastus,  under  the  wmmt 
of  lyncurium,  Xi^auMor.*  According  to  Theophrastus,  it  has  a 
fire  colour,  and  is  formed  from  the  concreted  urine  of  th«  Ivns. 
The  first  modem  writer  who  notices  it  is  Lemenr,  who  had 
obtained  a  specimen  from  Ceylon,  which  he  exhibited  to  the 
members  of  the  French  Acadt'my  under  the  name  of  a  inacnet.t 
He  notices,  though  rather  inaccurately,  the  pr«>perty  which 
it  has  of  attracting  li^ht  substances  to  it.  It  was  employed 
by  jeweller!*  for  ornamental  purposes,  and  they  ob$errt\l  that 
when  heated,  it  actpiired  thc  property  of  attractin«r  light  bodies^ 
as  ashes,  to  itself;  on  that  account  it  was  Ctilleil  by  the  Dutch 
atchefUrechrTy  and  by  thc  (lormans  schenziektr^  {aitraeiot  tf 
iuAes.)  /Kpinus  haviiii;  been  informed  of  this  property  by 
Lehman,  naturally  rcfcrrril  it  to  electricity.  He  was  fortu- 
nate  enough  to  prorurc  a  tourmalin  of  considerable  »ixe.  which 

*  ili^  xJmt,  c.  ^».  *'  Till'  lyncuriumf  which  i«  UkeVM  used  (or  «•- 
gravtni:  mmU  tm,  and  U  uf  xcry  Miliil  ti-xtiirc,  like  a  itoiir.  1 1  kuw  *W 
an  atlructi^r  iHiwrr  like  that  of  aiiiU'r,  ami  i*  taid  to  attrart  nnC  yn'r 
•trawi  and  ^niall  stit  k«.  Init  i-v«*n  c<»|»]mt  and  iron  if  in  flmall  Dm^iarBU, 
(jiirrM  -.      Such  i«  thc  «tattntciit  ot'  I)i<ichii.'* 

f  Hift.  de  rAf^domic  Royal,  1717.  p.  7. 
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enabled  him  to  investigate  the  electrical  phenomena  exhibited  Chap,  xi. 
by  thb  curious  mineral.     The  result  of  his  observations  was 
published  in  the  Memoirs  of  the  Berlin  Academy  for  1756.* 

In  the  year  1766,  Bergman  published  in  the  Memoirs  of 
the  Stockholm  Academy,  a  memoir  on  the  tourmalin,  in  which 
he  describes  its  electrical  characters  with  accuracy  and  in 
sufficient  detail.  Very  little  has  been  added  to  this  important 
paper,  which  details  idl  the  electrical  properties  of  the  tour- 
malin with  great  accuracy .f  Canton  had  already  in  1759, 
mentioned  the  important  fact,  that  if  a  tourmalin  while  pos- 
sessed of  polar  electricity  be  broke  in  two  at  the  neutral  point, 
each  fragment  will  possess  two  poles  electric,  like  the  whole 
crystal  before  it  was  broken.]:  Among  the  more  modern  in- 
yestigators  of  the  electric  properties  of  the  tourmalin,  may  be 
mentioned  M.  Becquerel§  and  Professor  ForbesQ  of  Edin- 
burgh. 

When  the  tourmalin  is  heated,  one  of  the  ends  of  the  crys-  Eieotridcy 
tal  becomes  positive  and  the  other  negative,  and  when  the  the  taur- 
stone  begins  to  cool,  both  extremities  change  the  state  of  their 
electricity.     Bergman  showed  that  the  electrical  state  of  the 
tourmalin  when  it  is  heated  may  vary  in  the  five  following 
ways : — 


One  of 
1 

2 

tiMpolM. 
+ 
+ 

• 

Hit  Other  pol*. 

*.      + 

3 

4 
5 

+ 

•               • 
t 

0 

+ 

The  poles  assume  the  same  state(whether  positive  or  negative), 
if  one  of  them  be  in  the  act  of  cooling  Mrhile  the  other  is 
heating. 

One  pole  becomes  positive  while  the  other  continues  neutral 

^  Colieoiioa  Acadendque,  xiii.  p.  247. 

f  Tbispaper  appeared  also  in  the  Philoiophical  Tramiactiom  for  17d6, 
p.  236.  An  interesting  historical  account  of  the  tourmaUn  will  be  found 
in  Kong.  Vetemkaps  Acad-  HandUnger  for  1766»  p.  89. 

t  See  Priestley's  History  of  Electridty,  p.  323.     , 

§  Ann.  de  Cbim.  et  de  Phys.  xxzvi.  1. 

II  Traniaetioiis  of  the  Royal  Society  of  Edinburgh. 
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PTt  II.    if  one  extremity  of  the  crystal  be  heatiog  or  cooling  while  tl 
other  extremity  is^stationary. 

Odc  pole  becomes  plus  and  the  other  minus,  when  the  wh< 
crystal  is  exposed  at  once  to  an  equal  heating  or  cooling  pr 
cess. 

Hauy  first  obsenred  that  those  crystals  of  tourmalin  oc 
become  electric  by  heat,  whose  terminations  deviate  from  t 
law  of  symmetry.* 

To  observe  all  the  elec- 
trical phenomena  of  the 
tourmalin  which  have  just 
been  stated,  we  place  the 
tourmalin  in  a  slip  of  paper 
suspendedhorizontally  with- 
in a  glass  cylinder  by  a 
single  thread  of  raw  silk  ; 
this  cylinder  reposes  on  a 
metal  plate  which  is  iieatcd 
by  means  of  a  spirit  lamp 
below  it.  In  proportion  as 
the  inside  of  the  cylinder 
becomes  heated,  the  tour- 
malin becomes  electric,  in 
consequence  of  the  eleva- 
tion of  its  temperature.  Wo 
have  only  to  present  to  it  a  body  weakly  charged  with  el« 
tricity  to  observe  the  attractions  and  repulsions.  A  thenao 
meter  placed  within  the  cylinder  indicates  the  temperatorv 
The  following  are  the  results  obtained  by  M.  I^querel  will 
a  brown  tourmalin,  slightly  transparent,  about  1-2  inch  loD|r 
and  0*12  inch  in  diameter.! 

At  86**,  the  electric  polarity  botran  to  be  Si*nsible  on  the  ap 
proach  of  a  body  feebly  electrified.  It  continued  to  the  tea 
I>erature  of  300o,  and  even  beyond  it,  provided  that  tk 
temperature  did  nut  eease  to  increase;  for  as  so<m  asitk» 
camestationary,  the  |>olarity  vanished.     It  ap|>eared 


•  Traitc  de  Miwraliwio,  iii.  44.  f  Traite  do  1*  Electricity,  v-  9-    ^ 
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if  ihe  opposite  kind  when  the  tenperature  began  to  aink,  Ch'P-  XI. 
e  charge  is  very  quick,  yet  the  intensity  of  each  pole  is 

t  as  the  rapidity  of  heating  or  cooling. 

Haring  thus  seen  wliat  posses  when  every  part  of  the  tour- 
malin is  equally  heated  or  cooled  at  the  same  time,  let  us  see 
what  happens  when  one  of  the  extremities  receives  more  heat 
than  the  other.  Enclose  each  end  of  the  tourmalin  in  a  small 
i.'IasH  tube,  filling  the  end  as  exactly  as  possihie,  then  tie  the 
tourmalin  by  the  middle  to  a  glass  tube  by  means  of  a  platinum 
wire.  !f  we  now  heat  one  of  the  ends — the  one,  for  example, 
which  becomes  positive  while  heating — this  end  will  acquire 
heat  from  the  tube  in  which  it  is  enclosed,  will  assume  the 
same  temperature  with  it,  and  will  then  begin  to  fall.  As 
li>ug  as  the  other  end  does  not  acquire  heat,  it  will  have  only 
one  pule,  namely,  the  heated  end,  which  will  be  positive  while 
heating,  and  negative  white  cooling,  while  the  other  end  re- 
mains neutruh  This  curious  phenomenon  constitutes  a  kind 
of  paradox  in  electricity.  In  all  other  cases  the  two  electri- 
cities are  always  evolved  together  ;  but  here  one  appears  with- 
out any  trace  of  the  other.  It  would  seem  from  this,  that 
when  we  heat  the  two  ends  of  a  tourmalia  unequally,  each 
.■xtreraity  assumes  a  state  of  electricity  independent  of  the 
other;  for  if  the  other  extremity  begins  to  acquire  or  to  lose 
heat,  it  assumes  a  positive  or  negative  state,  but  remains 
neutral  as  long  as  the  temperature  continues  unchanged.  The 
end  not  healed  may  be  kept  cool  by  putting  it  into  a  small 
tube  611cd  with  ice. 

Tourmalins,  even  from  the  same  locality,  vary  so  much  in 
thvir  electric  intensity,  that  it  is  necessary  to  try  each  before 
we  can  be  sure  of  its  activity.  The  black  opaque  tourmalins, 
usually  called  schorls,  arc  seldom  electric  ;*  but  I  have  found 
brown,  green,  and  red  transparent  crystals  possessed  of  electric 
properties.  Two  modes  are  followed  to  render  them  electric, 
namely,  fhio  and  rapid  heating  and  cooling.  The  first  is  ex- 
emplified in  Becquerel's  experiment  above  described.  The 
»ccond  mode  consists  in  transporting  the  cold  tourmalin  into 


•  liccqut^rcl  usurcs  u?, 
dcdOed  flpctrif  proptTtifi. 


I  black  nnd  opaque  touruuiliiu  bava 
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P«t  11.  a  hot  place,  and  obdcrving  what  happens  while  it  it  healinff. 
It  is  then  taken  and  allowed  to  cool  by  putting  it  into  a  coU 
])lace.  Tourmalins  of  groat  energy  become  electric  by  both 
modes,  those  of  little  energy  only  by  the  second  method;  wkik 
there  are  some  that  cannot  be  rendered  electric  by  either  the 
one  or  the  other. 

M.  Decquerel  tried  a  tourmalin,  very  slightly  tranthirfiiC 
on  the  edges,  4*15  inches  in  length,  and  0*79  inch  in  diameter, 
but  could  not  succeed  in  obtaining  electric  excitement  by  an? 
methml  which  he  could  devise.  He  found  tliat  a  tounnabi 
which  could  not  be  made  electric  by  heat,  being  broken  in  two, 
each  half  of  it  could  be  readily  excitetl  in  the  usual  manMr. 
It  would  appear,  from  his  experiments,  that  a  certain  leogtk 
of  crystal  is  incompatible  with  electric  excitement,  and  tltfl 
short  tourmalins  (provide<l  they  be  sufficiently  trantloccvi) 
have  more  intensity  than  long  ones. 

When  the  tourmalin  is  once  excited  bv  heat,  it  retaiM  ilf 
electricity  for  a  lons^  time,  if  care  be  taken  to  place  it  opoi 
non-conductors.  ^Epinus  has  found  it  electric  after  an  intcnil 
of  six  hours.* 

Thus  the  tourmalin  possesses  the  characters  of  a  charerf 
Leydcii  phial,  one  of  its  ]>ulos  heiii^r  positive,  the  other  neet 
tive.  ^"Epinus  showed  that  if  these  poles  l>e  coated  with  tinfA 
they  may  be  ilischarged  preeisoly  in  the  same  way  as  a  Lc^dei 
phial.  'Ilie  irreat  difference  between  the  charged  toumib 
and  the  Ley  den  {ihial,  is  the  methoil  of  charging,  lo  tke 
tnuniiuliii,  in  order  to  produce  a  charge,  we  hare  nothinflr  ^^ 
to  do  than  to  apply  equable  heat.  Can  any  cxplauatioo  <■ 
this  rurious  mode  of  char;;ing  be  offered  ? 
KvpUiia-         If  we  melt  sulphur  in  an  iron  cup,  «ind  allow  it  to  cocJsfef 

licNI  of  .  _| 

ibcwphr.    insulating  the  eup,  we  shall  find  that  the  sulphur  u  cbars** 

Domciu.      ^.jjjj  negative  electricity,  and  the  iron  with  jiositive.     So«^ 

thill*:  similar  to  this  niu&t  take  place  in  the  tourmalin.     It  0**^ 

be  computed  <if  a  number  of  elements  similar,  as  far  tttkcif 

i-lectrieal  properties  are  concerned,  to  the  sulphur  and  i**" 

*  'I'hi>M:  f.trt««  .i«  iitMi-il  !■%'  .r.jtiiiiii,  if  acciirjtCi  9(*<.*in  incoiuitK^t  * 
titt*  »tati*iiiriit  of  Canton  antl  HcctpKrri*!.  thjit  the  cIcctricitT  b  «■!?  ^^^^ 
(•|H.nl  wlnlc  llic  atunc  is  diunginh;  ita  ti*in[H.*ratiirc. 
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nnit  it  can  he  shown  that  if  we  suppose  the  tourmalin  so  con-  Cl 
^titutcd,  (slnrn  thf  stono  is  a  non-conductor,)  heat  would  pro- 
duce the  very  electrical  plienomena  which  distinguish  and  have 
given  celebrity  to  this  mineral. 

Suppose  wo  have  a  number  of  glass  plates  coated  at  the 

centre  on  each  eide  with  a  piece  of  tinfoil,  white  the  rcat  of  the 

disc  is  covered  with  varnish  to  prevent  the  bad  efiecte  of  mois- 

turo  upon  the  gla§9.     Let  these  platca  bo  placed  parallel  to 

•  :iih  other  upon  a  non-conducting  body  about  an  inch  asunder, 

uiil  let  the  contif^uous  platen  communicate  with  each  other  by 

iiiuans  of  a  «lip  of  tinfoil  pasted  on.     Prom  the  last  glass  plate 

A  chain  passes  connnuni eating  with  the  ground,  while  the  tirat 

pUto  communicates  with  the  prime  conductor  of  an  electrical 

mschino.     liy  means  of  this  machine  let  the  plates  be  charged 

'  vitb  electricity.     Let  the  apparatus  he  now  insulated  and 

I  ntamined.    It  will  be  found  similar  to  tlic  tourmalin.    The  end 

t  the  electrical  machine  will  be  charged  with  positive  electri- 

',  the  end  farthest  off  will  be  charged  with  negative  electri- 

V  while  the  central  portion  will  be  neutral.    Indeed,  neither 

k  positive  nor  negative  electricity  extends  sensibly  beyond  the 

h  plate  from  either  extremity.   The  24  middle  plates  arc  senai- 

f  neutral.    If  this  ajiparutus,  while  thus  charged,  were  broken 

wo,  we  should  find  that  both  the  halves  possessed  exactly  the 

racters  of  the  whole  pile.     The  two  extremities  of  each  half 

1  be  charged  with  positive  and  negative  electricity,  while 

■central  portion  would  be  neutral.     Such  a  pile,  therefore, 

sentB  precisely  the  state  of  the  excited  tourmalin ;  and 

refore  serves  to  throw  light  upon  the  nature  of  that  stone. 

"he  toumudtn  is  not  the  only  mineral  which  acquires  elec- 

eily  by  heat.     There  are  several  others,  some  of  the  most 

irkiblc  of  which  it  will  be  proper  to  enumerate : — 

[  There  is  a  hill  of  sulphate  of  lime,  called  Kalkberg,  situated  ,^J^*I„  ' 

r  Lunebourg,  in  the  dutchy  of  Brunswick,  in  which  small  '''".,'""'^. 

bic  crystals  arc  found.      These  cubes  are  white,  have  u  aiHiHu prv 

nGc  gravity  of  2'566,  and  arc  composed  of  two  atoms  of 

cic  acid  combined  with  one  atom  of  magnesia.     They  are 

ished  among  mineralogists  by  the  name  of  tioraciie. 

me  examine  the  cubic  crystals  of  boracite,  wc  shall  find  that 
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P»rt  n»  only  four  of  the  solid  angles  are  complete,  constituting  alter- 
nate angles,  placed  at  the  extremity  of  two  opposite  diagooab 
at  the  upper  and  lower  surface  of  the  cube.  The  other  km 
solid  angles  are  replaced  by  small  equilateral  triangki. 
VMien  the  boracite  is  heated,  all  the  perfect  solid  angles  bccot 
charged  with  negative  electricity,  while  all  the  angles  repUoe^ 
by  equilateral  triangles  become  charged  with  po$itire  electricicj. 
So  that  the  boracite  has  eight  poles ;  four  positive,  and  fbor 
negative.  Tliese  arc  obviously  the  extremities  of  four  dis- 
gonals  connecting  the  solid  angles  with  each  other.  One  ex- 
tremity of  each  of  these  diagonals  is  charged  with  potitivei 
and  the  other  extremity  with  negative  electricity.  Id  gencnl 
the  electricity  of  boracite  is  not  so  strong  as  that  of  the  to«- 
malin.  This  curious  law  of  the  excitability  of  the  boradlc 
and  of  its  eight  poles,  was  discovered  by  Hauy,  in  1791.* 
Other  ciec-      Axifiite^^  mtsoiype^X  and   the  silicate  of  zinc^X  are  alfo 

trie  mill" 

minerals,  which  becunie  ele<*tric  when  heated,  and  which.  Eke 
the  tourmalin,  exhibit  two  opposite  poles,  the  one  positive,  the 
other  negative.    It  is  not  every  crystal  of  axinite  and  neiotTpe 
which  possesses  this  property ;  but  those  only  which  are  deiti- 
tute  of  svnimetrv  :  that  is  to  »iv,  one  of  whose  extremitioif 
bhaped  ditTcrentiy  from  the  other.      No  doubt  this  remarl 
applies  also  to  the  silicate  uf  zinc  ;  thousjh  the  crystals  of  thtf 
mineral  bein^  usually  acicular  it  is  not  so  eai^y  to  determine.  W 
observation,  the  de«;rce  of  symmetry  which  they  may  pone** 

The  iofHiz^^  prehnite^X  and  the  titaniferuus  mineral  etiM 
sphcnCy  are  also  capable  of  bein*:  excited  by  heat,  and  have  t*i 
opposite  poles  like  tht»sc  aln^ady  mentioned. 

Sir  David  Hrewstcr  li;is  added  to  this  cataloirue  of  bofo 
becoming  electrir  by  heat,  the  followin;:  substances : — | 

ScnlcEitc  j      I)ifi|»si(h* 

Mcxolitr  KimI  and  bluv  fluor  fptr 

CulciirruuM  i>|iur  DiuuitMiti 

Vrllow  lH'r\l  Orphiiriit 

Sulplmtf  «>!'  Iiarytfs  Aimlciino 

Sul|ihiit«'  of  !itr<>iitiiiii  .\iiu*tli\!it 

I'urUiiiuto  of  li-ud  (^imrtx  of  l)au|ihitie 

*  liauy's  MimT;iJo^it',  ii.  t'«<i.  2ii  IMitioii.     f  Uranl.     {  lUuj.     H 

'  Ann.  (!i'  Chi  in.  i*t  ili*  Pliv*.  iKviJi.  IG2. 
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Idocrase 

Mellite 

Native  sulphur 

Garnet 

Dichroite 

Rochelle  salt 

Tartaric  acid 

Oxalate  of  ammonia 

Soda-sulphate  of  magnesia 

Sulphate  of  ammonia 


Sulphate  of  iron  Ch.  XI f. 

Sulphate  of  magnesia 

Prussiate  of  potash 

Sugar 

Acetate  of  lead 

Carbonate  of  potash 

Citric  acid' 

Chlorate  of  potash 

Chlorate  of  mercury 


But  M.  Becquerel  has  thrown  some  doubts  about  the  ac- 
curacy of  the  method  employed  by  Sir  David  Brewster,  to 
detect  the  existence  of  pyro-electricity  in  these  bodies.*  The 
probability  is,  that  those  crystals  only  become  electric  by  heat 
whlcb  derogate  from  the  law  of  symmetry. 


CHAPTER  XIL 

OF  ELECTRICITY  BY  PRESSURE. 


It  is  natural  to  expect  that  the  dilatation  and  compression  of 
the  particles  constituting  the  surfaces  of  bodies  will  have  an 
effect  upon  the  development  of  their  electricity.  iGpinus  was 
the  first  who  ascertained  the  truth  of  this  presumption  by  actual 
experiment.  He  pressed  two  plates  of  glass  together,  taking 
care  to  avoid  friction,  and  found,  when  they  were  separated, 
that  one  of  them  was  positive  and  the  other  negative.  Hauy 
observed  that  Iceland  spar  and  several  other  crystallized  min- 
erals, became  electric  by  simple  pressure  between  the  fingers. 
He  found  the  same  property  in  several  other  minerals,  though 
not  so  much  marked  as  in  Iceland  spar.  The  topaz,  euclase, 
arragonite,  fluor  spar,  carbonate  of  lead,  and  rock  crystal,  give 
signs  of  electricity  when  pressed.f  M.  Libes  fixed  an  insulat- 
ing handle  to  a  metal  disc,  and  pressed  it  (holding  it  by  the 

*  Trait6  do  TElectricit^,  ii.  69. 
t  Hauy ;  Minera1ogiG>  i.  188,  2d  edition. 
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P»rt  ^^'    handle)  against  a  piece  of  gumme^l  taffeta.     The  taffcU 

quired  positive  electricity,  while  the  metallic  disc  acqdftd 
negative  electricity.*  The  effect  increases  with  the  premire; 
but  it  ceases  altogether  as  soon  as  the  taffeta  loses  its  glatiw- 
sity,  which  renders  it  easily  compressible. 

This  subject  has  lately  engaged  the  attention  of  M.  Beo- 

({uerel,  who  has  made  a  vast  number  of  experiments  on  diffcrcBl 

bodies,  and  hsis  drawn  this  general  conclusion  from  then  all : 

When  two  _<(  When  two  substances,  of  what  nature  soever,  ororidcd 

bodies  an  ouc  of  them  be  ekstic,  are  insulated,  and  pressed  agminst  each 


tbeybp-      other,  one  of  them  l»ecomes  charged  with  positive,  and  thr 

feraiu/'    other  with  negative  electricity.     But  when  the  compressioo  b 

excited.      removed,  these  two  ditFercnt  states  cannot  be  observed,  unles 

one  of  the  bodies,  at  least,  be  a  bad  conductor  of  electricilv.* 

The  mode  chosen  by  Becqucrel  to  obtain  these  reaultSy 
to  form  the  substances  to  be  tried,  into  small  discs,  about 
tenth  of  an  inch  thick,  to  fix  each  to  a  varnished  glass  rod  bf 
way  of  handle,  to  take  one  of  these  handles  in  each  hand,  and 
squeeze  the  two  discs  together.  After  separating  them,  each 
disc  is  to  be  presented  to  a  delicate  electrometer.  \  ua^ 
pressure  is  tiuffioient  ti»  repel  the  small  disc  of  ( *oulomb's  fWc- 
tnuneter ;  but  by  repeating:  the  contacts  any  elect n>met«r 
whatever  may  be  charged.  Suppose,  for  example,  two  ian- 
lated  dies,  the  one  of  rork^  the  other  of  caoutchouc.  After  ikr 
pressure,  the  cork  has  become  positive,  and  the  caoutchooc 
negative.  \\'hen  cork  is  pressed  HL^ainst  the  skin  of  an  vrarngt^  is 
becomes  positive,  and  the  orange  skin  ne<rative.  When  oraafv 
skin  is  pressed  agaiiir^t  caoutchouc  it  becomes  ptisitiTe*  wUv 
the  c«ioutchouc  becomes  ne;rative. 

Iceland  spar,  sulphate  of  lime,  fluor  spar,  sulphate  of  hinttk 
^hen  pressed  ai;ainst  cork,  liecome  positively  electrified,  vkib 
the  cork  becomes  neiratively .  Hut  cynnite  and  retinasphahtf* 
wlien  pressed  a«raiiist  cork,  acquire  negative  eleclricitj,  ik* 
cork  bi*cniiiin<r  po^iti\e.  In  like  manner,  piti*oal,  anbtf* 
copper,  zinc,  silver,  \c.,  when  pressed  against  an  inniliV* 
disc  of  cork,  beccMiic  ne(;ative. 

*  Ann.  ik>  Cluiii.  rt  <lc  i*livt.  iiii.  J>. 
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When  one  only  of  the  discs  is  insulated  while  the  other  com^  Ch.  xii. 
miuiicates  with  the  groand,  the  insulated  body  will  hare  ac-  Bat  tbey 
quired,  after  pressure,  the  electricity  belonging  to  it ;  but  the  insulated, 
non-insulated  body  will  exhibit  no  signs  of  electricity  whatever. 
Thus,  an  insulated  disc  of  cork,  pressed  against  Iceland  spar, 
selenite,  fluor  spar,  &c.,  acquires  negative  electricity ;   but 
when  pressed  against  copper,  zinc,  and  other  similar  substances, 
it  acquires  positive  electricity.     Even  fruits,  the  orange  for 
example,  when  gently  pressed  against  an  insulated  disc  of 
cork,  communicate  an  excess  of  positive  electricity.     In  pro- 
portion as  the  fruit  dries,  the  electric  properties  of  the  cork 
diminish.     When  ripeness  has  given  the  orange  all  the  elas- 
ticity of  which  it  is  susceptible,  and  before  the  surface  becomes 
moist  from  decomposition,  then  the  electricity  from  pressure 
is  the  greatest  possible. 

Insulated  cork  pressed  against  any  part  of  the  animal  body, 
provided  it  be  not  moist,  receives  an  excess  of  negative  electri- 
city. The  hair  and  down  of  animals  produce  nearly  as  much 
electricity  as  Iceland  crystal  would  do,  but  of  the  contrary 
kind. 

The  imperfect  liquids,  when  compressible,  give  analogous 
results.  Cork  pressed  lightly  against  inspissated  oil  of  tur- 
pentine, acquires  negative  electricity. 

It  is  not  necessary  that  the  substances  piressed  against  each 
other  be  of  different  natures ;  when  two  discs  composed  of 
the  same  materials,  as  skin,  amadou,  &c.,  are  pressed  against 
each  other,  the  one  acquires  negative  and  the  other  positive 
electricity. 

When  electricity  is  thus  evolved  in  bodies  by  pressure,  it  is  Eiectridty 
preserved  for  a  considerable  time,  provided  the  bodies  be  non-  ed  oontin- 
condoctors.     Hauy  found  that  Iceland  spar  still  gave  signs  of  S^^   "' 
electricity  after  an  interval  of  eleven  days.    Sulphate  of  bary  tes 
of  Royat,  unless  it  be  well  insulated,  parts  with  the  electricity 
erolved  in  it  almost  immediately.     But  an  insulated  crystal  of 
it  exhibited  signs  of  electricity  after  an  interval  of  half  an  hour. 
'Hie  time  during  which  the  electrical  properties  are  preserved, 
^  probably  inversely  as  the  conducting  power  of  the  electrified 
l)ody.     This  preservation  of  electricity  continues  even  though 
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J^HHl  ^^^  ^^y  ^  surrounded  by  moist  air,  or  even  though  it  hr  in 
contact  with  moist  tfubstanccs.  It  would  appear  from  thu, 
that  bodies  rendered  electric  by  pressure,  are  in  the  same  cir- 
cumstances with  a  charged  Ley  den  phial.  The  internal  sur« 
face  of  the  body  is  probably  charged  with  the  opposite  elec- 
tricity of  the  external  surface  ;  and  the  action  of  these  opposite 
electricities  on  each  other,  prevents  that  on  the  external  sur- 
face from  being  dissipated. 
Kleetridcy  As  lung  as  the  two  bodies  pressed  against  each  other  are  in 
onlywben  contact,  neither  of  them  irives  anv  symptoms  of  elertricit\. 

iIm  bodies  CT  •       ^      4^ 

are  w|ni.  The  better  conductors  they  are,  the  more  rapidly  they  mait 
be  separated  from  each  other,  after  pressure,  in  order  that  each 
may  retain  the  peculiar  kind  (»f  electrit'ity  which  has  been  ar- 
cumulated  in  it  by  the  pressure.  Wlien  a  disc  of  cork  ii 
presided  against  an  oranse,  if  we  separate  the  two  substances 
rapidly,  the  cork  will  be  found  to  possess  a  considerable  ezces* 
of  positive  electricity.  Tliis  excess  diminishes  the  more  slowly 
the  two  substances  are  separated  from  each  other,  and  vhra 
we  separate  them  very  slowly,  all  electrical  symptoms  dua|^ 
pear. 

It  would  ajipenr  from  all  this,  that  when  two  surfaces  arr 
pressed  nirainst  each  other,  4ine  of  them  always  ac((uires  a£ 
excess  of  po>itivc  doctririty,  while  the  t»ther  ar({uires  an  cxct*i 
of  neirative  electricity.  These  two  oppo^ite  electricities  jurt 
neutralize  each  other.  Now,  it  is  a  curious  and  inexplicab^ 
circumstance,  (unless  we  con^itll*r  electricity  as  a  prnpcrtvi 
that  as  lon<r  as  the  pressure  is  kept  up,  even  thoui'li  the  tvo 
bodies  )ire*ised  a:iaiti>t  t\ich  other  be  <:(mm1  conductors,  the  tvo 
electricities  tbou<:li  attracted  towards  each  other,  never  actualli 

■ 

combine.     Hut   whenever  the  pressure  is  withdrawn,   unl<^5 

the  bodli»s  be  instantly  separateil  from  each  other,  the  t«o 

electricities   combine  and   neutrali/e   each   other  romplet^N. 

unless  in  the  case  when  at  lca^t  one  of  the  pressinl  luMlio  is  a 

non-ciiniiuctur. 

Ili«i  pUyt        There  can  hi'  no  doubt  that  heat  idavs  a  ^on^idl•ra^]r  rju*? 

BbU  part  ill  In  the  de\elo|iniciit  <»f  elei'lricit>    bv  pressure.      It  has  U^ti 

opmcnit.     lon^  known,  that   tin*  hiiilier  the  temperature  of  any  bod«  i* 

raised,  the  greater  tendency  has  it  to  actpiire  negative  ckc- 
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tricity  when  rubbed  against  any  other  body.  In  the  same  Ch.  Xii. 
manner,  when  we  continue  to  elevate  the  temperature  of  Ice- 
land spar,  we  at  last  bring  it  into  such  a  state,  that  it  acquires 
negative  electricity  when  pressed  against  a  disc  of  cork.  If 
we  take  a  piece  of  well  dried  cork,  and  cut  it  in  two,  by  means 
of  a  very  sharp  knife,  and  then  press  the  two  cut  surfaces 
against  each  other,  it  frequently  happens  that  however  hard 
the  pressure  be,  and  however  rapidly  we  separate  the  two  sur- 
faces, neither  exhibits  any  signs  of  electricity  after  the  separa- 
tion. But  if  we  slightly  heat  one  of  the  pieces  of  cork,  by 
holding  it  near  the  flame  of  a  candle,  and  renew  the  pressure, 
we  shall  find  each  surface  possessed  of  a  different  kind  of  elec- 
tricity. Two  pieces  of  Iceland  spar,  of  the  same  temperature, 
do  not  become  electric  by  pressure;  but  if  one  of  them  be  made 
hotter  than  the  other,  the  electricities  are  immediately  evolved. 
It  is  probable  from  this,  that  when  two  discs  of  the  same  sub- 
stance are  pressed  against  each  other,  it  is  necessary  that  their 
temperatures  should  differ,  otherwise  no  electricity  will  be 
evolved. 

It  would  appear  from  the  experiments  of  M.  Becquerel  that  "^^  '"Jj*" 
the  intensity  of  electricity,  measured  by  Coulomb's  balance,  is  electricity 
proportional  to  the  pressure ;  that  is  to  say,  that  a  double  ai  to  the 
pressure  will  produce  a  double  intensity,  a  triple  pressure  a  P""*"""** 
triple  intensity,  and  so  on.     The  following  tables  exhibit  the 
intensities  of  electricity  evolved  by  the  pressure  of  various 
bodies  against  each  other.      The  intensity  of  pressure  was 
measured  by  the  weight  attached  to  one  end  of  a  balance  forc- 
ing up  the  other  end  which  produced  the  pressure  : — * 

Cork  j)ressed  agaimtt  Iceland  spar. 
1         ..•*.•         1 *o 

iS  •  •  •  a  •  •  iJ*4 

3         .         .        .         •         •        .        S*(j 


*  A  detuled  account  of  the  apparatus,  illustrated  by  figures^  may  be  seen 
io  the  Ann.  de  Cbim.  et  de  Phys.  xxii.  21. 

2f 
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Part  1 1.  Cork  prei$ed  against  poliaked  ndphaU  afharyUM  cryt^alu 


1 
2 
3 

4 
6 


1-05 

2-1 

31 

4-2 

6-3 


Cork  agaifut  polished  rock  cryitmL 


Of  CHdmrtf. 


3-9 


Cork  against  sulphate  of  lime. 


ofdictrtaiiy. 

1-9 


These  tables  show  also  the  difference  in  the  absolute  qiuft 
tity  of  electricity  evolved  by  the  same  extent  of  pressure  sp 
plied  to  different  bodies.* 


CHAPTER  XIH. 


OF  ELECTRICITY  BY  CONTACT. 


This  branch  of  electricity  originatetl  from  a  dispute  bctwrcii 

Galvani  and  Volta,  about  the  year  1790.    Galvani  accideotsSj 

di:»covereily  that  when  the  hind  legs  of  frogs*  deprived  of  tk^ 

skin,  but  having  the  lumbar  nerve  attached  to  them  and  1^ 

bare,  are  placed  upon  pieces  of  glass,  the  lumbar  nerve  bfiA 

previously  enveh>ped  in  a  piece  of  copper  foil ;  if  we  take 

CmtuI-      pie<*e  of  zinc,  and  placing  one  end  of  it  on  the  muscles  of  t^ 

imciM  of' ''^'r *  ^^  brinu  the  other  in  contact  with  the  cop|K*r  foil  t^ 

^f^H'        muscles   of  the   limb   are  thrown  into   violent   convuUiols 

Thede   convulsions   are   renewed   whenever   the   metals  * 

brought  into  contact  for  a  certain  tiuie  after  death.     Tb* 


•  Ann.  tic  Chiu.  vt  di*  I'hvi.  iiii.  6. 
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hen  the  irritability  of  the  muscles  is  exhausted,  and  Ch.  Xllf. 

:es  place  the  sooner,  the  oftener  the  convulsions  are 

d  by  brinorinff  the  two  metals  in  contact.     Galvani  Ahci  n»«i  to 

J  o     G^  ...    •niraal 

I  these  convulsions  to  an  animal  electricity,  which,  in  his  electricity. 
,  exists  in  all  animals,  and  is  the  cause  of  muscular 
When  Volta  repeated  the  experiment,  he  was  struck 
e  necessity  of  two  metals  for  its  success.  He  was 
,  in  consequence  of  this,  to  ascribe  the  phenomenon 
non  electricity,  and  to  affirm  that  when  two  metals  are  To  common 
n  contact  with  each  other,  one  acquires  vitreous,  and 
3r  resinous  electricity.  To  verify  this  opinion,  he  pre- 
wo  circular  polished  plates,  the  one  of  copper  and  the 
f  zinc.  To  the  centre  of  each  of  these,  was  cemented 
jhed  glass  handle.  The  two  plates  were  brought  into 
by  means  of  these  handles,  and  separated  so  as  to  pre- 
parallel  position  with  respect  to  each  other.  These 
ade  to  touch  the  plates  of  a  condenser,  the  contact 
3newed  several  times.  After  touching  each  plate  to  re- 
.  to  a  neutral  state,  it  was  found  that  the  zinc  pos- 
an  excess  of  positive  electricity,  while  the  copper 
3d  an  excess  of  negative.  Galvani  did  not  accede  to 
inion  of  Volta.  He  repeated  his  experiments,  and 
ed  in  producing  the  convulsions  by  means  of  a  single 
but  only  when  the  energy  of  the  limb  was  very  great. 
I  this  last  case,  he  succeeded  in  producing  the  convul- 
imply  by  bringing  other  animal  matters  in  contact  with 
bar  nerve,  and  the  crural  muscles  of  the  frog.  But 
nswered  these  objections,  by  showing  that  the  smallest 
f  of  any  foreign  metal  sufficed  to  enable  a  single 
r  plate  to  produce  the  convulsions. 

Q  zinc  is  brought  into  contact  with  copper  or  silver,  and  Two  inm- 
sparated  by  means  of  an  insulating  handle,  the  zinc  is  brought  in- 
ositive  and  the  copper  or  silver  negative.     It  is  with  indww? 
letals  that  the  different  states  of  electricity  after  con-  J^JJ^"  '* 
y  be  most  easily  perceived.     If  iron,  or  manganese,  or  electric 
umbago,  be  substituted  for  the  zinc  plate,  the  result  is 
le.     I  presume  that  if  cadmium  were  substituted  for 
would  also  be  found  positive  after  the  separation  of  the 
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Pnrt  rr.  mctallir  plates.  Crold,  platiniim,  palladiiini,  or  rvon  mcrrurr. 
may  bo  substituted  for  tbe  copper  or  silver.  Wbcn  tin  or  l«md 
is  substitnteil  for  co])per,  tbe  ditferent  states  of  tbc  mctaU  are 
not  (Miiily  rerofriiised,  but  in  tbis  rase  also  tbe  zinc  Is  positive, 
and  tbe  tin  or  tbo  lead  netrativc. 

Hut  wbi*n  we  take  metals  not  liable  to  oxydation,  as  gold 
and  platinnni,  no  disen£ra<renient  of  rleetrieity  \a  ever  ubserrfd 
in  cnn^(M|u6nce  of  tbeir  mutual  contact,  bow  sensible  soeTir 
tbe  electrometer  be  wbirb  we  employ.  Tbis  leads  to  the 
sus'piclon  tbat  tbe  elect rir it y  observed  by  Volta,  ^hcn  b^ 
made  use  of  copper,  may  bave  been  owin<;  to  tbe  chemicAl 
action  occasioned  bv  tbc  contact  of  bis  wet  tinijer  ou  that  vert 
oxydixable  metal.  It  is  als(»  well  known  timt  when  a  plate  of 
^ruid,  and  anotber  of  ]datinum,  both  in  contact  with  a  most 
delicate  elect rorscope,  or  plun<red  into  a  liquid  which  has  do 
action  (»n  tbem,  no  siirns  of  electricitv  are  ever  exbibite«l;  hut 
if  tbe  liquid  be  a  solvent  (as  aqua  re<;:ia)y  a  \ct\  seosible 
electric  action  ensues. 

riatinum  and  ;rold  are  positive  with  n'spect  to  binoxideof 
maniranese  and  pIumba(;o,  and  produce  no  electrical  cAcf 
wbcn  placed  in  contact  with  rc«l  oxide  of  ct»pper,  persulphorrt 
of  irun,  linery  cinder,  olii:i>te  iron  ore,  &c.  Hinoxidc  of  man- 
i:ancse  and  plumliaLro  arc  nt'irative  with  respi*ct  to  tbc»4«  Ltt 
substances.  In  ;:cneral  bino\ide  of  maniranese  is  nc&r^tive 
with  respect  to  all  otber  boillts.  Ars»»nical  cobalt  and  {.•wU 
produce  aUo  marked  rllec'ts  :  tbe  fi»nner  is  ne^jalivc.  tbc  laltff 
p<)>itive.  \Vh«'llnT  these  evolutit»ns  of  electricity  In*  o«iiC 
simply  to  contact,  or  wlictbtT  any  chemical  action  takes  pUcr 
when  till'  elect rl<*itv  is  exolvrd,  has  iinl  vet  been  determilK*!' 
We  rcf'tT  till'  ri'adrr  to  the  in(;cnious  experiments  of  M- 
l)rlari\«*,  \\]u)  has  «'ndea\iiurcd  to  pro\e  tbat  cbcniicil  *cli«* 
takes  plan*  in  all  llh'-r  ca*i*^  «if  a|'parent  contact.* 

A  ciiii-iilrraMc  iiimhImt  t-f  expiTiments  nn  tbe  oKvtricity  ^* 
*  untact   wa-  maib*  l'\    Sir  11.  l)a\\.      Wlion  cixalic,  ?uivir-''- 
bni/iiii-,  or  boraiic  ariil,  pcrficliy  ilry,  either  in  jHiiider  or    ^"^ 
i  r\>tals,  are  toiu-l.rd  npou  an  r\icni!c\l  &urfuce  «ith  a  pbtf    *^ 

*   .\i.i>.  ilo  <  li'.iii.  It  t!e  IMi\.4.  il\i.  'J^O. 
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Clipper  insulated  by  a  glass  handle,  the  copper  becomes  po«i-  Cb.  Xti 
live,  and  the  acid»  neijative.  When  zinc  or  liu  is  substituted 
fur  copper  the  effect  is  the  same.  Phosphoric  acid  perfectly 
dry,  when  applied  to  copper  becomes  negative,  and  the  copper 
positive.  When  metaliic  plates  are  made  to  touch  dry  limo, 
.strontian,  barytes,  or  miignesin,  these  alkaline  bodies  become 
jHisitive,  the  metal  negative.  With  soda  the  effect  is  the  same. 
I'otash  attracts  moisture  so  rapidly  that  the  experiment  can- 
not bo  tried  with  it.  When  aulphur  ia  applied  to  poU&lied 
lead,  or  to  any  other  metal,  it  becomes  positive." 

It  has  been  ascertained  that  electricity,  when  employed  in  ^'jjl^fj^ 
the  way  to  bo  described  hereafter,  and  known  by  the  name  ji«^'np«' 
of  the  Voltaic  battery*  is  capable  of  decomposing  compound  c»j  Kiihrr 
bodies,  and  the  decomposition  takes  place  according  to  a  par-  Ulil^iiti'va. 
ticulur  law.  W1ien  two  platinum  wires  attached  to  the  two 
poles  of  the  battery  are  plunged  into  a  vessel  of  water,  the 
water  is  reduced  into  its  elements,  and  the  onjgen  is  always 
extricated  from  the  wire  attached  to  the  positive  pole,  while 
the  hydrogen  rises  from  the  wire  attached  to  the  wegalive 
pole.  When  the  wires  are  plunged  into  a  strong  solution  of 
muriatic  acid,  the  chlorine  is  accumulated  round  the  positive 
wire,  and  the  hydrogen  round  the  negative.  The  law  accord- 
ing to  which  hyilrobromic  and  ht/i/riotJic  acids  are  decomposed 
Is  the  same;  the  bromine  and  iodino  arc  attracted  to  the 
positive  pole,  while  liie  hydrogen  ia  attracted  to  the  negative 
pole.  When  chloride  of  sodium  or  potassium  is  decomposed, 
the  chlorino  passes  to  the  positive  pole,  while  the  sodium  and 
potassium  pass  to  the  negative  pole.  W'ere  a  compound  of 
sulphur  with  oxygen  to  bo  decomposed,  the  oxygen  would 
attach  itself  to  the  positive  pole,  while  the  sulphur  would 
allxch  itself  to  the  negative  pole.  But  with  sulphurct  of  zinc 
or  of  iron  the  case  would  he  different.  The  sulphur  would 
collect  round  the  positive  pole,  and  the  metal  round  the  nega- 
tive pole.  When  salts  arc  tleeomposed,  the  acid  is  attracted 
to  tbti  positive  pole,  and  the  base  to  the  negative. 

Now,  as  bodies  arc  attracted  by  those  in  a  difforont  stale  of 

•  I'liil.  TruM-  1807,  JT.  34. 
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Part  II.  excitement  from  themselves,  it  follows  that  oxy^ren,  chlorine, 
bromine,  and  iodine,  and  acids,  would  not  1)C  attracted  to  the 
positive  pcdo,  unless  they  themselves  were  in  a  negattve  state; 
nor  would  hvilrotren  and  bases  be  attracted  to  the  negative 
pole  unless  they  were  in  a  positive  state.  From  this  it  ha« 
l)een  concluded  that  bodies  which  have  an  attraction  for  each 
other  are  in  opposite  states  of  electricity,  and  that  it  is  to 
these  opposite  states  that  their  attraction  for  each  other, 
and  their  union  with  each  other,  is  owinp.  The  curreDt  of 
electricity  destroys  their  union  by  bringing  them  into  the 
same  electrical  state.  In  con8Ci]uence  of  this  view,  which  t* 
at  least  exceedingly  ingenious  and  plausible,  bodies  have  been 
divided  into  two  sets,  those  which  are  negative,  and  those 
which  are  positive.  The  following  table  exhibits  a  list  of  the 
negative  bodies,  beginning  with  those  which  possess  the  negi^ 
tive  ])roperty  in  the  highest  degree,  and  terminating  with 
those  in  which  it  is  lowest : — 

TaU*  of  Oxygen  Mulybdenum 

J|2«t|Tt    .  Cbioriiiv  l-hrumium 

Hn»iiiirie  Tungsten 

Itidine  Ilomn 

Sulphur  Carlxm 

IMi  OS  pi  tor  us  A  lit  i  nil  in  V 

St'lcniuni  Tellurium 

Arsfiiic  Ctihnnhiiini 

Titanium  Silicon. 

The  following  table  exhibits  a  list  of  the  ]>os»itive  bodiei 
beginning  ^ith  the  one  in  whii-h  the  property  is  weakest,  soJ 
ending  with  the  one  in  which  it  is  strongest : — 

*"■■"'"'  C'loM  rruniunir 

Ciih« 
ics.  IMutiiiutu  Iruu 

Pulliiiiiuni  I'adnniiin 

<)!«iniutnr  /inc 

Iriiiiuui  Mant*nm*!ir 

IMiinHuui  Ahnninuni 

MiTi-iirv  Tliorinuni 

SiUiT  Yttrium 

Ci>p|K*r  liluciniuii 
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Nickel  Magnesium  Ch.  XIII. 

Cobalt  Calcium 

Bismuth  Strontium 

Tin  Barium 

Zirconium  Lithium 

Lead  Sodium 

Cerium  Potassium. 

It  is  not  easy  to  decide  where  hydrogen  should  be  placed. 
Compared  with  oxygen  it  is  strongly  positive ;  but  it  combines 
with  the  potassium,  and  must  with  respect  to  it  be  negative. 
The  bodies  nearest  the  head  of  the  first  list  being  most  power- 
fully negative,  and  those  nearest  the  bottom  of  the  second  list 
beings  most  powerfully  positive,  have  the  greatest  chemical 
affinity  for  each  other.     Bodies  in  the  same  list  have  but  little 
affinity  for  each  other,  those  towards  the  bottom  of  the  first 
list  have  but  little  affinity  with  those  towards  the  top  of  the 
second  list;  however,  the  bodies  in  the  same  list  are  not 
destitute  of  affinity  for  each.    Thus,  sulphur  combines  readily 
with  arsenic,  because  these  two  bodies  assume  difierent  states 
with  respect  to  each  other.     When  we  decompose  sulphuret 
of  arsenic,  the  sulphur  is  attracted  to  the  positive  pole,  and 
the  arsenic  to  the  negative ;  showing  that  the  former  is  in  a 
negative  state,  and  the  latter  in  a  positive.     It  is  for  this 
reason  that  almost  all  the  substances  constituting  the  first  list, 
are  capable  of  uniting  with  each  other  as  well  as  with  those 
of  the  second.     Now,  it  deserves  attention,  that  when  the 
bodies  constituting  the  first  list  unite  with  each  other,  they 
constitute  acitls  or  substances  which  act  the  part  of  acids; 
when  they  combine  with  the  substances  constituting  the  second 
list,  they  constitute  bcues  or  substances  which  act  the  part  of 
bases.     All  the  acids  are  combinations  of  the  negative  bodies 
with  each  other,  all  the  bases  are  compounds  of  the  negative 
''odies  with  the  positive.     I  have  left  out  azote  because  it  is 
oot  easy  to  say  where  it  ought  to  stand ;  but  it  belongs  un- 
uoulitedly  to  the  class  of  negative  bodies,  and  should  stand 
P''ol>ably  before  iulphur. 

Hydrogen  I  have  purposely  omitted.     It  constitutes  acids 
^  cx)mbiiung  with  the  greater  number  of  the  negative  bodies ; 
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PBrtll.^but  we  arc  ijrnorant  at  present  of  any  compound  which  it 
forms  with  any  of  the  positive  bodies,  excepting  with  poU»» 
siuni,  Mhicli,  acctinlin*;  to  the  experiments  of  Gav-Luasac 
and  Thenard,  absorbs  liydrogen  gas,  and  forms  a  compomid. 
Ihit  this  combination  has  not  succeeded  in  the  hands  of  other 
experimenters. 


CHAPTEU   XIV. 

or   KLKCTKICITY   BY  CLKAVAGE. 


Foil  the  few  facts  hitherto  ascertained  respectinsr  the  eToln- 
tiun  of  electricity  by  the  rieavasre  of  crystallized  minerals,  «e 

mm  ~  0 

are  indebted  to  M.  nocquerel.* 

When  we  cleave  a  plate  of  mica  as  rapidly  as  possible  is 
the  dark,  we  ;;enerally  perci*ive  a  feeble  phosphorescent  llghl* 
If  we  iix  with  mastic  an  insulating  handle  upon  each  of  tbe 
faces  of  this  plate,  we  may  ascertain  that  each  of  the  slice* 
s4'i»aratod  is  in  a  rontrarv  .^tate  of  electricity,  the  inteiwtv  o( 
whirh  inoroascs  with  tlu'  rapitlity  <)f  the  separation.     Tbt-?^ 
results  an*  always  obtained,  however  thin  the  plate  of  mi^"-* 
may  be :  hence,  probably,  they  would  lake  place  ht»w  snui.1* 
soever  the  particles  of  mica  were  that  we  separated  from  vamt*^ 
othtT. 

Foliated  talc  of  St  (iothard,  transparent  sulphate  of  lin»^* 
topaz,  sulphatf  of  barUcs,  fcUpar  of  St  Ciothard,  and  **' 
cr\ Mallizrtl  luincrals  which  are  bad  conductors  of  electricity* 
^i\c  the  same  result. 

Hefore  makiu;:  these  rxprriments,  we  must  free  the  miner*' 
from  all  watrr  mcclianicalU  lod^rcd  in  it,  and  we  must  U*  fuf^ 
that  the  plate  tif  mica,  >ulphatr  of  lime,  \c.,  are  not  alnra^? 
partially  ^plit,  which  wouhl  of  ctturse  prevent  the  action. 

Two  plates  of  mira  alrcad\  separated,  if  they  be  pres**^ 

*  Tuiir  lie  rKlcc'trtciu'*,  ii.  111. 
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together  anew  and  separated,  are  each  charged  with  the  oppo-  Ch»p.  xv. 
site  electricity  ;  but  this  state  lasts  but  a  very  short  tiino.     If 
we  wish  to  restore  it,  we  must  raise  a  little  the  temperature 
of  that  plate  which  haa  asaumed  negative  electricity. 

A  card  paper  doubled  down  presents  a  similar  eSect  when 
the  two  fragments  are  separated.  Here  the  lilaments  com- 
posing the  card  are  united  to  each  other  by  a  certain  forcu 
which  is  destroyed.  This  h&a  some  resemblance  to  the  cleav- 
ing of  foliated  minerals.  When  crystalUxcd  minerals  are 
triturated  in  a  mortar,  electricity  cannot  be  evolved,  because 
rlie  two  electricitieB  immediately  combine  again  inconsequence 
iif  the  contact  of  portions  of  the  mineral  in  different  electrical 
states. 

Pressure  it  is  obvious  causes  a  mechanical  approach  of  the 
particles  to  each  other,  in  some  cases  causing  the  two  bodies 
to  adhere  together.  In  this  last  ease  the  separation  ought  tu 
produce  the  same  electrical  effects  as  when  a.  foliated  mineral 
IN  Mplil. 


CHAPTER   XV. 

OK  ELECTRICITY  BY  CHEMICAL  COMBINATIONS 
ANU  DECOMPOSITIONS.. 


Ever  since  llie  discovery  of  the  identity  of  lightning  and 
elrelricity,  the  attention  of  electricians  has  been  turned  to  the 
accumuLuion  of  electricity  in  the  atmosphere;  and  various 
cauws  for  such  an  aceumtdation  have  been  assigned.  The 
opinion  of  Volta  has  been  most  commonly  adopted.  Accord-  e 
ing  to  him,  whenever  a  body  changes  its  state,  it  becomes 
electric.  Now,  vrater  is  continually  ascending  into  the  almo- 
epiiere  in  the  state  of  vapour,  or  falling  from  it  in  tlic  state  of 
niin.  Uy  these  continual  changes  of  stalo,  which  this  fluid 
undergoes,  Volta  supposed  that  the  accumulation  of  electricity 
in  the  atmosphere  was  chietly  produced.     This  opinion  was 
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Part  1 1.  Terificd  by  Lavoisier  and  Laplace ;  but  when  Sansinrc 
peatcd  the  experiments,  ho  was  unable  to  obtain  anv^tatisl 
DoM  DOC  tory  results.  M.  Pouillet  has  recently  examined  the  tubj 
ukity.  with  much  care,  and  has  found  that  no  sensible  quantity 
electricity  is  evolved  when  water  changes  its  state,  unless  at 
same  time  some  chemical  action  more  or  less  vigorous  accc 
panics  the  change.  Uut  whenever  two  iraseous  bodies  ux 
with  each  other,  or  a  gaseous  body  with  a  solid  body,  one 
the  uniting  bodies  always  gives  out  poshive  electricity,  a 
the  other  negative  electricity.*  These  experiments  being 
great  importance,  l>oth  for  understanding  the  sources  of  atii 
spherical  electricity,  and  for  determining  the  kind  of  elerl 
city  possessed  by  those  bodies  which  have  a  chemical  offin 
for  each  other,  it  will  be  worth  while  to  state  them  somewl 
Eicrtrtctiy  particularly.  When  charcoal  is  burnt  it  sometimes  givos  i 
rmbuitiun  positive,  and  sometimes  negative  electricity,  and  sonetin 
•rchvcMi.  ^^  electricity  at  all.  Tliis  depends  upon  the  way  in  whi 
the  combustion  is  conducted.  To  obtain  constant  results, '. 
Pouillet  proceeded  in  the  following  manner : — lie  took  a  fk 
of  charcoal  of  such  a  diameter  that  it  could  receive  the  foi 
of  a  cylinder  whose  bases  were  nearly  plain.  This  fiat 
charcoal  was  placed  verticAlly,  two  inches  and  a  half,  or  ibr 
inches  below  a  plate  of  brass  which  rests  upon  onr  of  t 
discs  of  the  condenser.  The  charcoal  coninmnicatetl  «i 
the  irround,  and  was  lighted  at  its  siiperit»r  base,  takln::  ra 
that  the  tire  did  not  reach  the  lateral  surface.  A  currrDt 
carbonic  acid  rises  and  strikes  a:jainst  the  plate,  and  in  a  U 
niinutos  the  condenser  is  charffcd.  The  electricity  mhicb 
receives  from  the  carbonic  aciii  iTtis  is  alwa\  s /)fi«i7irr.  Ift' 
])lane  be  aUowed  to  coninmnicate  to  the  sides  of  the  charckM 
or  if  it  be  inelined  so  that  the  carbonic  acid  fonniHl  mi 
slide  up  along  the  base  of  the  charcoal,  no  seuMble  cA*^! 
obtained. 

To  obtain  the  electricity  which  the  eharcoal  itself  take*^ 
combustion,  M.  Pouillet  plaeed  its  inferior  end  directlj  u|h' 
the  di.oc  tif  the  eonden»er,  and  then  light ihI  itH  4U|>erior  b*^ 

*  Ann.  tic  </liiiu.  ct  liv  l'liv«».  x est.  401. 
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III  a  fow  miautps  tlie  condenser  was  charged  with  negatWe  Ch«p.  XV. 
electricity.  From  tbcsc  experiments,  we  learn  tliut  when 
charcoal  is  burnt,  it  becomes  charged  with  negative  electri- 
city, while  the  carbonic  acid  evoWed  is  charged  with  pusitive 
electricity.  Now,  the  combustion  of  charcoal  is  the  combina- 
tidii  of  it  with  oxygen,  so  as  to  constitute  carbonic  acid. 
\crording  to  FouiUet,  during  this  combination,  the  oxygen 
_  Ives  out  positive  electricity,  which  is  found  in  the  carbonic 
acid  gas,  while  the  charcoal  gives  out  negative  electricity, 
which  is  fouud  in  the  portion  of  the  charcoal  not  yet  burned. 
Now,  when  the  carbonic  acid  gas  Is  again  decomposed  into 
its  clcmcute,  the  oxygen  takes  back  positive  electricity,  and 
the  carbon  negative  electricity, 

The  flume  of  hydrogen  gave  contradictory  results  with  *"''  ''y- 
respect  to  its  electricity,  as  had  been  the  case  also  at  first  with 
charcoal.  In  the  course  of  a  few  minutes  it  gave  indications 
hull)  of  positive  and  negative  electricity,  very  intense  and 
wry  weak  indications,  and  often  it  was  impossible  to  obtain 
!iiy  indication  at  all.  Hut  these  difficulties  were  at  length 
c-orcome  by  M.  Pouillet  in  the  following  manner: — 

The  hydrogen  gas  was  made  to  flow  out  of  a  glass  tube. 
IHiu  flume  WU3  vertical,  having  a  breadth  of  4  or  5  lines,  and 
a  height  of  about  three  inches.  A  coil  of  platinum  wire  was 
employed  to  conduct  the  electricity  from  the  flame  to  the  con- 
denser. When  this  coil  waa  so  much  larger  than  the  flame  a« 
to  enclose  it,  and  to  be  distant  from  its  external  surface  about 
4  iacbes,  signs  of  positive  electricity  make  their  appearance. 
Tbcsc  fiigns  become  more  and  more  intense  as  the  distance 
diuinlslit^ ;  but  when  the  coil  becomes  so  small  as  to  touch 
the  flame,  the  electrical  signs  become  weak  and  uncertain. 
Thus  it  appears  that  round  the  flame  of  hydrogen,  there  is  a 
sort  of  atmosphere  at  least  4  inches  in  thickness,  which  i3 
always  charged  with  positive  electricity. 

If  a  very  small  coil  of  platinum  wire  be  placed  in  the  centre 
of  the  llaine,  in  such  a  manner,  tliat  it  is  enveloped  on  all 
•ides;  and  made  to  communicate  with  the  condenser,  that  in- 
nrument  becomes  immediately  charged  with  negative  electri- 
Tlius  it  appears  that  the  outside  of  the  flame  of  hydro- 


' 
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Pnrt  ir.  mctallir  plates.  CioKl,  plntinimi,  pallacliiiiD,  or  even  mcrcurr, 
may  ho  substituted  for  the  c(ipper  or  silver.  When  tin  or  lead 
is  suhstituteil  for  copper,  the  diirerent  states  of  the  mctaU  are 
not  oasily  recotrnised,  but  in  this  ease  also  the  zinc  is  positive, 
and  the  tin  or  the  lead  nerrative. 

I  hit  when  we  take  uietals  not  liable  to  oxydation,  as  gold 
and  platinuM),  no  disenirairt^nient  of  electricity  is  ever  ubserred 
in  c(insiMiu6ncc  of  their  mutual  cont.ict,  how  sensible  soctit 
the  elect rouH'ter  he  which  we  employ.  This  leads  to  lb« 
suspicion  that  the  electricity  observed  by  Volta,  iRhen  ho 
made  U!?e  of  copper,  may  have  been  owinjr  to  the  chemical 
action  occasinncil  bv  the  contact  of  his  wet  tinwr  on  that  vcrv 
oxy disable  metal.  It  is  also  well  known  that  when  a  plait*  uf 
^oKU  and  another  of  platinum,  both  in  contact  with  a  most 
delicate  electroscope,  or  plun«red  into  a  litpiid  which  has  no 
action  on  tlicnu  no  siirus  uf  eh'ctricitv  are  ever  exhibitetl :  but 
if  the  Hquid  be  a  solvent  (as  aqua  regia),  a  very  seD^ible 
electric  action  ensues. 

IMatinum  and  ;rold  iire  jiositive  with  respect  to  hinoxide  uf 
mnniranese  and   plumbafjo,  and  proilucc  no  electrical  edect 
when  placed  in  contact  with  red  oxide  of  ei»pper,  {lers^ulphurvt 
of  iron,  llnerv  rinder,  oIii;i>te  in^n  ore.  \c.     liinoxide  of  man* 
yanese  and  plumbairo  are  nrirative  with  respect  to  the$o   la-t 
substances.      In   ;reneral   binoxitle  of  maniranese   is  ne:rati«e 
with  rcs])e('t   to  all  other  bodies.      Arsenical  coIkiIi  and  ^old 
produce  aUo  marked  eli'eets :  thi»  ftirmcr  is  nc::aiive,  the  latter 
pti.-itive.      Wlirther  these  evolutions  uf  electricitv  he   owinj; 
(•imply  to  eontaet,  or  ulicther  any  ehemical  action  tiiLes  place 
when  tin*  elertrieitv  is  evolved,  has  not   vet  been  determined. 
\\e    refer    the    rraiirr   to  the  in>;cnious  experiments   of   M. 
Delarive,  \ilu>  has  end(*avi»ured  to  prove  that  chemical  arti«»n 
takes  place  iu  all  ihe-e  ea-r*  of  a|'p:irent  contact.* 

A  fun-iderable  inmiber  t-f  experiaieiits  on  the  electricitv  h% 
I  outact  w.i-  madt'  i'\  Sir  1!.  Daw.  When  oxalic,  ^u^^i^.^^ 
ben/u.e,  itr  boraiic  arid,  perfrrlly  ilry,  either  in  powder  i»r  ia 
(  r\^tals,  are  tuuelied  n|inn  an  extended  Mirface  vith  a  plate  o(^ 

*   \iM.  ill-  (  liim.  It  lie  Vh\i.  x\\\.  'Jt5G. 
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copper  insulated  by  a  glass  handle,  the  copper  becomes  posi-  Ch.  Xilf. 
tive^  and  the  acids  negative.  When  zinc  or  tin  is  substituted 
for  copper  the  eflFect  is  the  same.  Phosphoric  acid  perfectly 
dry,  when  applied  to  copper  becomes  negative,  and  the  copper 
positive.  When  metallic  plates  are  made  to  touch  dry  lime, 
strontian,  barytes,  or  magnesia,  these  alkaline  bodies  become 
posilivey  the  metal  negative.  With  soda  the  effect  is  the  same. 
Potash  attracts  moisture  so  rapidly  that  the  experiment  can- 
not be  tried  with  it.  When  sulphur  is  applied  to  polished 
lead,  or  to  any  other  metal,  it  becomes  positive.* 

It  has  been  ascertained  that  electricity,  when  employed  in  ^'j^*'^ 
the  way  to  be  described  hereafter,  and  known  by  the  name  rtec<im|MM|€d 
of  the  Voltaic  battery,  is  capable  of  decomposing  compound  city  either 
bodies,  and  the  decoiuposition  takes  place  according  to  a  par-  fi^'ative? 
ticular  law.     Wlien  two  platinum  wires  attached  to  the  two 
poles  of  the  battery  are  plunged  into  a  vessel  of  water,  the 
water  is  reduced  into  its  elements,  and  the  oxygen  is  always 
extricated  from  the  wire  attached  to  the  positive  pole,  while 
the  hydrogen  rises  from  the  wire  attached  to  the  negative 
pole.     WTien  the  wires  are  plunged  into  a  strong  solution  of 
muriatic  acid,  the  chlorine  is  accumulated  round  the  positive 
wire,  and  the  hydrogen  round  the  negative.    The  law  accord- 
ing to  which  hydrobromic  and  hydriodic  acids  arc  decomposed 
is  the  same;   the  bromine  and   iodine  are  attracted  to  the 
positive  pole,  while  the  hydrogen  is  attracted  to  the  negative 
pole.     When  chloride  of  sodium  or  potassium  is  decomposed, 
the  chlorine  passes  to  the  positive  pole,  while  the  sodium  and 
potassium  pass  to  the  negative  pole.     Were  a  compound  of 
sulphur  with  oxygen  to  be  decomposed,   the  oxygen  would 
attach  itself  to  the  positive  pole,  while  the  sulphur  would 
attach  itself  to  the  negative  pole.     But  with  sulphuret  of  zinc 
or  of  iron  the  case  would  be  different.     The  sulphur  would 
collect  round  the  positive  pole,  and  the  metal  round  the  ncga^ 
tive  pole.     When  salts  are  decomposed,  the  acid  is  attracted 
to  the  positive  pole,  and  the  base  to  the  negative. 

Now,  as  bodies  are  attracted  by  those  in  a  different  state  of 

•  Phil.  Trans.  1807,  p.  34. 


446  ELKCTHICITY. 

Flirt  II.  Consequently  the  carbonic  acid  gas,  which  dieengaffes  iti 
during  the  germination  of  seeds,  is  charged  with  posit 
electricity,  and  is  therefore  precisely  in  the  same  state  as  t 
carbonic  acid  gas  formed  by  combustion.  This  expcrim 
was  several  times  repeatetl  with  success.  But  the  electric 
cannot  be  recognised  unless  the  weather  be  cxceedin£ly  d 
or  unless  we  dry  the  apartment  artificially  by  introduring  fi 
stances  which  have  the  property  of  absorbing  moisture. 

These  capsules  being  insulated,  and  the  air  being  rerr  di 
and  the  soil  so  dry  that  it  is  an  imperfect  conductor,  it 
evident  that  the  electricity  would  be  retained.  Acconiioi 
when  the  condenser  was  brought  into  a  natural  state  after  r 
observation,  and  if  it  was  then  replaced  for  expcnriment  oi 
during  one  second,  it  was  found  to  be  charged  with  elect 
city. 

It  is  obvious  enough  that  the  gaseous  fluids  given  out  I 

plants  during  the  processes  of  vegetation,  being  charged  vi 

electricity,  must  contribute  to  furnish  no  inconsiderable  pc 

tion  of  the  electricity  with  which  the  atmosphere  becon 

loaded.    No  doubt  the  carbonic  acid  gas  evolved  from  anini 

by  respiration  is  also  charged  with  positive  electricity:  tboii< 

it  would   be  somewhat   difficult  to  determine  the   pciint  i 

actually  charginsr  a  condenser  in  con^tcquence  of  the  moistu 

with  which  the  expired  .lir  is  always  loaded.* 

AilrhmiU       The  electriritv  evolved  hv  chemical  combinations  Jnd  «! 

■MtiouBaiid  conipositiuns  was  Ions;  a  subject  of  dispute,  but  since  the  «ii 

iipn«ev^v«  covcrv  of  tlic  conucxiun  between  electricity  and  masmetism^ie 

clMcrkiijr.  i]^^  employment  of  magnetic  needles  to  indicate  the  i'xi*trtK 

of  electric  currents,  the  evolution  of  electricity  in  such  cms* 

has  Ixvtime  manifest  and  intlisputable;     When  we  pluD;r^  ^^^ 

after  the  other,  the  twocnd:*  (»f  the  copper  wire  of  a  raultiplw 

into  nitric  acid,  a  current  of  elect ricitv  is  imnuMliatelv  cti»I»«^ 

(told  or  platinum   wire  connected  with    a  multiplier  ■h' 

plun<:ed  into  nitric  ncid,  lmvcs  no  indication  of  the  evolution  < 

*  Thf  rcAiliT  muv  i'iuimjU  wiih  a<lvaiitafft*  an  i'UlM»ratc  anil  mcnt  iafrfi 
ou»  Mr*,  uf  t'&iNTiinrni4  hv  Sir  II.  Daw,  to  cMablish  hU  own  «ir«».«fc* 
are  rather  incoiuitti'nt  niih  thoM  of  roiullvt,  in  I'hil.  Traai,  1:^  / 
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electricity.     But  if  we  add  a  few  drops  of  muriatic  acid  to  that  Chap.  XV. 
lortion  of  the  nitric  acid,  which  surrounds  one  of  the  ends  of 
;he  wire,  a  current  is  induced,  and  the  wire  which  is  attacked 
>y  the  aqua  regia  becomes  negative  while  the  other  extremity 
18  positive. 

When  an  acid  combines  with  an  alkali,  the  former  becomes 
K>sitive,  and  the  latter  negative.  When  various  substances 
ire  placed  so  as  to  come  gradually  in  contact  in  tubes  con- 
lected  with  a  delicate  multiplier,  one  always  becomes  positive 
ind  the  other  negative. 

Nitric  acid  is  positive  with  muriatic  acid,  acetic  acid, 
litrous  acid,  alkaline  solutions,  and  solutions  of  sulphates, 
nitrates,  chlorides,  &c. 

Nitric  acid  is  negative  with  sulphuric  acid,  phosphoric  acid, 
be. 

Phosphoric  acid  is  positive  with  muriatic  acid,  sulphuric 
icid,  nitric  acid,  and  with  alkaline  and  saline  solutions.* 

Phosphoric  acid  is  the  most  electro-positive  of  all  liquids. 

A  great  deal  of  light  has  been  thrown  upon  the  electricity 
evolved  during  chemical  decompositions  and  combinations,  by 
the  experiments  of  Mr  Faraday. 

He  showed  that  when  electricity  from  a  common  electrical 
machine  is  made  to  pass  through  solutions  of  salts,  {sulphate  qf 
woda  was  the  one  used,)  they  undergo  decomposition,  the  acid 
being  evolved  at  the  positive,  and  the  alkali  at  the  negative 
wire  in  contact  with  the  solution  .f 

An  opinion  has  been  adopted  by  some,  that  ih  the  construc- 
tion of  the  Voltaic  arrangement  for  the  evolution  of  electricity, 
the  presence  of  water  in  the  imperfect  conductor  between  the 
metallic  plates  is  essential ;  but  Faraday  has  shown  that  this 
is  a  mistake,  and  that  a  vast  number  of  bodies  rendered  liquid 
by  heat  may  be  substituted  for  water,  which  indeed  is  one  of 
the  bodies  worst  adapted  for  the  purpose,  though  from  other 
circumstances  the  most  convenient. 

It  has  been  supposed  also  pretty  generally,  that  chemical  Chemical 
decomposition  is  produced  by  electricity,  by  the  attraction  of  tioo ."     " 

*  BecquereU  Trut^  de  1*  Electricity  ii.  78. 
t  Phil.  Trans.  1633,  p.  676. 
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JV™  L  ^•'*^*'*  r^'**  f^^  ""c  of  the  constitucntii  of  the  hody  decompo»iL 
Thus  w.itiT  is  decomposod,  heoause  the  positive  pole  attnrii 

AwriM  to  ^1^,  oxvL'iMi,  whilo  the  notrativc  pole  attracts*  the  hvdrocm. 

ami  those  two  attrnrtions  iii(*reasiii<:  with  the  intensitr,  or  a: 

least  with  the  ({uantity  of  electricity  evolved,  heeome  at  Iirt 

greater  than  the  chemical  aflinity  which  unites  the  atnm«  on- 

stitutiiit;  water  to  ea<'h  other,  and  when  that  is  the  caje«  A*^ 

c(»m|)osition  must  take  ]>Iaee.     If  I  understand   Mr  FaniiLii** 

ideas  respect iuir  chemical  dcconjj)(»sitions  hy  electricity  cor- 

r«»ctly,  he  conceives  the  decompositions  to  he  produced  hy  iw 

chemical  afTiiiity  between  the  particles  hcin<;  altered  and  dim  > 

ished  bv  the  action  of  thet»h'ctricitv.     Let  N 

and  P  represent    the  ncirative  and  positive 

p4»les  of  a  Vdltaic  battery,  tind  let  a  A,  «'  b\ 

and  a"  V\  \*c,  be  particles  of  water  interposed     Q^OC'^** 

between  them,  comjM»sed  each  of  an  atom  of  *    * 

hulrofren,  (ri),  and  an   at<»m  of  oxytren,   (A).      Mr  Farads* 

supposes,  that  in  CJUL-iMpience  of  the   action   of  the  clccrrir 

current,  all  the  particles  of  water  in  the  way  of  the  currrss 

are  so  arraiiL^eil,  that  the  hvdmiren  faces  the  neiralive  and  tr^ 

oxyiren  the  ]>o>itive  j)oh'.      He  sujtpose>  farther,  that  in  r*'^> 

siMHienee  of  the  flectrii'itv,  tlie  atfiiiilv  of  «  fur  h  1-  weaLfr«*L 

whiU*  the  atrniity  of  //  fur   a    is  increased.      In  c»»n*oi]urr'' 

of  this,  n  h*aves  A,  and  maki»s  its  appearance  at  N  uuil'^r  :■''" 

fiirm   t»f  b\th*ML'«'n   l^^s.      h  urites   t«»  a\   whirh   in   it*  ?-^ 

iiiilti's  to  //,  uhieli  coiiiMnrs  ^\ith^/^  uliile  h  .  in  eiin*»*«pi''''"* 

of  thr  \w';ikeiied  allinitx  of  a    f.»r  A  ',  si^jKiraTe-i  at  1*,  and  :iui'* 

il"  apj'i'.iraiHM'  uihI'T  ilie  furia  df  o\\L'''n  l*  is. 

Tiii-  prMi:rr*-ivi'  prorr-^^  I  if  (liM'oiiipi>oi:ion  and  ci»T'ihin.i*.  "J 

ha>  been   \\^v.'Z  i?rft!\  L'»'MiTallv  admitted.      Hut  I   iluP"!?*" 

bow   ibe  partiilr  f/  ccnild  .-fparati*  from  h  in  n»T>i'';'icni''   • 

tin*  L'reater  attr.u-ti«»n  <»f  u   fi»r  h,  cnle-.s /i  at  llie   iaa:**  * '•■^' 

viTe  ititrar:ed  b\    N.       If  \\v  ^tippo-f  thai  the  :ittr;irl:o:i  **  ^ 

f'T  /I  .'ind  ^^i  n  fnr  A,  i-*  L;nMt«T  tlian  the  atirafliu!!  of  cj  Nf  " 

■  ■ 

it  wituld  urdiiii!»teillv  -•']'arati'  from /•  :  and  if  tbe>e  muMu.  '*" 
comporiiinii^  asi.l  rir.i.liiiialnni'*  j»roeeed  etpinIK  friMu  N'th  j-  •'"*• 
it  i>  r:i-\  tt»  -•'«•  bnu  tin'  il.rniieal  ibMompo?-ition^  take  j"-**  • 
liiit    iiiit  othrrwi^c.      Mi    I'arailav  made  a  \erv  iii::i*iiiei-' *^' 
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]ipriment.  He  ilecomposcd  sulpbate  of  magticBiii,  and  found  0>«?-  XV. 
that  magnesia  wan  dppositcd  upon  the  plane  which  constituted 
the  boundary  line  lietween  a  layer  of  pure  water  and  a  Inyer  of 
.-solution  of  sulphate  of  roagncsm.  In  this  experiment  tho 
water  was  connected  with  the  negative  end  of  a  Voltaie  battery, 
and  llie  sulphntc  of  magnesia  with  the  positive  end  :  hence  the 
water  became  the  positive  polo;  and  of  course  every  property 
belonging  to  the  pusitivc  pole  must  in  this  experiment  have 
l>elongod  to  the  water. 

The  probability  seems  to  bc.tbat  throughout  the  wholeextcnt 
"f  tho  Voltaic  circle,  all  the  particles  in  the  way  of  the  current 
(supposing  them  compounds),  arrange  lliemselves  iis  we  have 
supposed  the  particles  of  water  to  do;  that  similar  decomposi- 
tions and  new  combinations  take  place  In  every  cell,  and  that 
the  electricity  evolved,  is  the  consequence  of  these  comhioa- 
tions  and  decompositions,  and  of  nothing  else,  as  was  long  ago 
DFj^ued  by  M.  Fabroni  and  Dr  Wollaston,  and  of  late  by  Mr 
l-'iiraduy  himself.  He  has  rendered  it  extremely  probable, 
that  the  Slime  quantity  of  electricity  always  decomposes  the 
eamc  quantity  of  decomposable  matter ;  so  that  the  qunntity  of 
hydrogen  evolved  in  a  given  time  hy  the  decomposition  of 
water  is  an  accurate  measure  of  the  quantity  of  electricity 
passing  during  that  time  through  an  active  Voltaic  battery.* 

Mr  Faraday,  during  the  course  of  his  electrical  exi»eriinent8, 
discovered  that  when  a  clean  platinum  plate  was  put  into  a 
mixture  of  oxygen  and  hydrogen  gas,  the  gases  gradually 
united  forming  water  and  consequently  disappearing.  When 
tli«  platinum  plate  was  made  very  clean  by  dipping  it  into 
sulphuric  acid,  it  acted  with  so  much  energy  upon  the  gaxcs, 
that  it  gradually  became  red  hot  and  caused  the  residue  of  the 
gases  to  explode.t 

it  bad  been  previously  shown  by  Dobereiner,  that  platinum 
black,  or  platinum  in  the  state  of*a  fine  powder,  acted  in  the 
Hmo  way.  The  experiments  of  Faraiiay  throw  some  light  on 
thin  curious  property.  He  found  that  the  plate  wna  very  apt 
to  lose  ita  power,  but  that  when  steeped  In  sulphuric  acid  of 

^^^^^faul*  Tnos.  1833,  p.  OO'J.  f  Ibid.  ISM,  ih| 
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Pviii.  specific  graTity  1*336,  or  indeed  when  cleaned  bj  Tarioiit  odMr 
methods,  the  power  was  recovered.  Dalton  has  shown  that  tks 
particles  of  hydrogen  gas  repel  each  other ;  that  the  case  ti 
the  same  with  the  particles  of  oxygen  gas,  but  that  the  par- 
ticles of  hydrogen  gas  do  not  repel  the  particles  of  oxygen  fai. 
Clean  platinum  does  not  repel,  but  rather  attracts  the  partidei 
of  gases ;  and  when  the  platinum  is  smooth  and  clean  the  tvo 
gases  can  approach  very  near  its  surface,  if  not  come  actnsDr 
in  contact  with  it.  So  situated,  the  particles  of  oxygen  sad 
hydrogen  may  come  so  near  each  other  as  to  unite  chemically, 
heat  is  evolved  by  the  union,  the  rapidity  of  the  process  is  io* 
creased  till  at  last  the  platinum  becomes  red  hot,  and  exploiioa 
is  the  consequence. 

AU  eom-         Electric  currents  have  not  the  property  of  decomposing  a3 

iceoniNw.   compounds  as  Davy  supposed. 

Boracic  acid 

Chlorides  of  imlphur,  phosphorus,  and  carbon 

Iodide  of  sulphur 

are  not  decomposed  in  common  circumstances.* 
Faraday  found  also  that 

Chloriilo  of  antimony 

llvdrocarbon 

Ai*t'tic  acid 

Pcriodide  of  mercury 

Ammonia  and  some  other  substanccfi 

are  not  decomposed  by  the  Voltaic  liattcry. 

Hut  with  the  exception  of  pcriodide  of  antimony,  Fsn^b; 
found  that  all  solid  nun-conductctrs,  becoming  ronductorf*'^ 
liquefied  by  heat,  are  decomposed. t 

Faraday  conceived  it  to  be  deducible  from  his  experiiB^*^ 
that  binary  compounds  composed  of  elemcnt.s  one  of  «1^ 
gocH  to  the  necativc  an<l  the  other  to  the  positive  puh^f  ^ 
decomposable  by  electricity,  but  not  ternary  com{H3uodf.  Tfctt* 
the  simple  oxides,  chlorides,  and  iodides  are  decompoied,  vb^^ 

*  Phil.  Trans.  1634,  p.  61.  f  UmL 
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many  binoxides,  perchlorides,  and  periodides  are  not  acted  on.  Chap.  XV. 
But  to  this  supposed  law  there  are  so  many  exceptions,  that 
it  would  not  be  safe  to  adopt  it. 

Mr  Faraday  found  reason  to  conclude  from  his  experiments, 
that  the  following  bodies  are  not  decomposed  by  electricity, 
and  it  would  seem  that  they  are  non-conductors  :— 

Sulphuric  acid 
Phosphoric  acid 
Arsenic  acid 
Hyponitrous  acid 
Nitric  acid  ? 
Chloride  of  sulphur 
Protochloridc  of  phosphorus 
Protochloride  of  carbon 

Periodide  of  mercury  when  liquid  is  a  conductor,  but  is  not 
decomposed  by  electricity. 

Perchloride  of  mercury  when  liquid  is  a  conductor,  and 
seems  to  be  decomposed  by  electricity. 

Protoxide  of  antimony  when  liquid  is  a  conductor,  and  is 
decomposed. 

The  following  bodies  also  were  found  by  Faraday  not  de- 
composable by  electricity : — 


Nitre 

Tartaric  acid 

Nitrate  of  ammonia 

Tartrates 

Sulphurous  acid 

Benzoates 

Hydrofluoric  acid 

Sugar 

Fluorides 

Gum 

Acetates 

But  the  following  bodies  are  decomposed  by  the  action  of  Subcunce» 
the  Voltaic  battery : —  ed. 

Muriatic  acid  Iodides 

Hydriodic  acid  Hydrocyanic  acid 

Chlorides  Cyanodides 

Before  entering  more  particularly  into  the  explanation  of 
chemical  decompositions  by  electricity,  it  will  be  proper  to  ex- 
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plaiD  the  meaning  of  some  new  terms  which  Mr  Faradaj  bai 
found  it  convenient  to  introduce. 

Electrolyte^  is  a  body  directly  decomposable  by  the  electric 
current.     Thus,  water  is  an  electrolyte. 

lonsj  a  general  name  for  the  elementary  constituents  of 
electrolytes.  Tlius,  oxygen  and  hydrogen  are  the  kms  of 
water. 

Anode^  the  surface  by  which  electricity  enters,  or  the  pofUm 
pole. 

Cathode^  the  surface  by  which  electricity  leaves  the  body,  or 
the  negative  pole. 

ElcctroileSy  the  poles  of  the  battery. 

Anions^  I)odies  going  to  the  anode  or  positive  pole. 

Cations^  bodies  going  to  the  cathode  or  negative  pofe. 

Compound  bodies  may  be  divided  into  two  great  cIaum, 
namely,  those  which  are  decomposable  by  the  electric  current, 
and  those  which  are  not.  Of  the  latter,  some  are  condncton 
and  some  non-conductors  of  Voltaic  electricity. 

The  decomposable  bodies  do  not  dejK^nd  for  their  decoB- 
posability  upon  the  nature  of  their  elements,  but  upon  thepn^ 
portions  in  which  these  elements  are  combined.  Tbe*e  J^ 
coni]»osnbIc  bodies  Faraday  distinguishes  by  the  name  of 
electrolytes. 

The  elements  into  which  these  electrolytes  are  <lividf(I  l»y 
the  Voltaic  actions  are  combining  bodies,  and  have  each  « 
detinite  proportion  in  which  they  are  alwa\s  evolviil  durinf 
•'lectrolvtic  action.  Thev  are  called  ions,  and  divided  is» 
anions  and  cations  according  as  they  appear  at  the  anode  »* 
c.ithode  end  of  the  V«»ltaic  battery.  The  proportions  in  «bi^ 
they  are  resp<M'ti\ely  evolved  by  electricity  are  proportion*! 
to  the  atomic  weiirhts  of  each  bodv  resmvtivelv.  lliui  bj* 
drot^cn,  oxyi:en,  chlorine,  iodine,  lead,  and  tin,  are  evohfJ** 
the  numbers  0'V2r>.  I,  4-5,  IT)-?/),  13,  7*25.  The  folluii« 
are  the  laws  of  the  (leconi|Kisition  of  these  ions  as  laid  d«>*° 
bv  Mr  Faraday  : — 

1.  An  iony  not  in  conibination  with  another,  is  indidirrr^'* 
*  having  no  temlcncy  to  pa.^s  to  either  of  the  eloctnxleK. 

2.  If  one  ion  be  conibine«l  in  riirht  jiroportions  with  snetb^ 
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strongly  oppoaeil  to  it  in  its  ordinary  chemical  actions,  or  in  Clap.  XV« 
otlior  words,  if  an  anion  be  combined  with  a  catUm,  tlien  both 
travel  the  one  to  tlie  anode,  the  other  to  the  cathode  of  the  de- 
composing  body. 

3.  If  aji  ion  pass  to  one  of  the  electrodes,  another  ion  must 
pa^^s  at  the  same  time  to  the  other  electrode. 

i.  Everybody  decomposable  by  electricity,  must  consist  of 
two  ions,  the  one  of  which  must  go  to  the  cathode  and  the 
other  to  the  anode. 

5.  Only  a  single  electrolyte,  composed  of  the  same  elemen- 
tary wi«,  seems  to  exist.  Thus  water  is  the  only  electrolyto 
lomposed  of  oxyyej}  and  hydrogen. 

(3.  A  body  not  decomposable  when  alone,  aaboracic  acid,  ia 
not  directly  decomposable  by  the  electric  current,  when  in  coiii» 
bioation. 

7.  The  nature  of  the  substance  of  which  the  electrodes  are 
composed,  provided  it  be  a  conductor,  causes  no  difference  in 
the  electro-decomposition,  either  in  kind  or  degree ;  but  it 
seriously  influences,  by  secondary  action,  the  state  in  which  the 
ions  finally  appear. 

8.  A  substance,  which  being  used  as  an  electrode  is  capable 
of  combining  with  the  ion  evolved  against  it,  ia  also  an  ion, 
and  combines  in  the  quantity  represented  by  its  atomic 
weight. 

9.  Compound  ion»  are  not  necessarily  composed  of  simple 
ions  united  in  simple  atomic  proportions.  Thus,  sulphuric 
acid  is  s.n  ion,  but  not  an  electrolyte. 

In  many  instances,  the  secondary  result  obtained  by  the 
action  of  the  evolving  ton  on  the  substances  present  in  the 
surrounding  liquid,  will  give  the  electro-chemical  equivalent. 
Thus  in  the  solution  of  acetate  of  lead,  the  number  of  atoms 
of  lead  reduced  is  ecpial  to  those  of  hydrogen  evolved  at  the 
cathode .-  hence,  secondary  results  may  occasionally  be  used  as 
measures  of  the  Voltaic  electrical  current. 

The  following  table  exhibits  a  list  of  the  principal  ions, 
together  with  the  atomic  weights  of  each,  which  represents 
the  proportions  by  weight  In  which  they  are  respectively 
evolved : — 
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lytM  differ 
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#1  decoiii* 
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I.  ANIONS. 

1 

Qiloric  ftcid     • 

W 

4-5 

Phoiphoric  «cid 

4-5 

10- 

Carbonic  acid 

2-: 

15-75 

Boracic  acid   • 

3  • 

2-25 

Acetic  acid 

CJ 

3-25 

Tartaric  acid  • 

^-i 

5 

Citric  acid 

7-S 

8 

Oxalic  acid 

4-5 

6-75 

II.  CATIONS. 

0-125 

Silver 

13-5 

5 

Gold 

12 

3 

Platinum 

12 

0-75 

Palladium 

&U 

8-5 

Rhodium 

G-Ti 

5-5 

Iridium 

IM3 

2-5 

Ammonia 

2»I2 

1-5 

Potash    . 

6 

1-25 

Soda 

4 

3-5 

Lithia 

ITS 

3-5 

Barytes 

S^5 

3-25 

Strontian 

e-5 

3-25 

Lime 

S-S 

4  125 

Ma^esia 

:ts 

t 

Alumina 

7"2S 

13 

Quinina 

JD^ii 

7-25 

C*inchoiiina 

ISfTi 

4 

Morphina 

35-i 

9 

Protoxides 

12 

Vegetable  alkalies. 

Oxygen  . 
Chlorine 
Bromine 
Iodine     • 
Fluorine . 
Cyanogen 
Sulphuric  acid 
Selenic  acid 
Nitric  acid 


Hydrogen 

Potassium 

Sodium 

Lithium 

Barium 

Strontium 

Calsium 

Magnesium 

Aluminum 

Iron 

Manganese 

Nickel     . 

Cobalt     . 

Zinc 

Cadmium 

I^ad 

Tin 

Copper    . 

Bisniutli 

Mercury 

It  18  pretty  obvious,  (provided  the  preceding  viewi  be  cor* 
root,)  that  every  atom  of  matter  must  be  naturally  iorrouodoi 
by  the  same  quantity  of  electricity,  so  that  in  this  respect  befti 
and  electricity  resemble  each  other. 

Klectrolvtes  differ  in  the  facility  with  which  thev  nsv  ^ 
doconiposcd.  Mr  Faraday  bos  found  the  following  to  ^ 
electrolytic  in  the  order  in  which  they  are  placed,  tto«<* 
highest  up  being  decoui|)06ed  by  a  current  of  the  lo*^' 
intensity: — • 


*  Phil.  Trans.  1834,  p.  4'X\. 


Iodide  of  potassiiun,  (solution)  C\ 

Chloride  of  silver,  (fused) 

Protocldoride  of  tiii,  (Fused) 

Chloride  of  lead,  (fused) 

Iodide  i>f  lead,  (fuaed) 

Muriatic  acid,  (solution) 

Water  acidulated  with  sulphuric  acid. 

t  is  well  kDown,  that  when  a  piece  of  zinc  is  placed  upon 
I  surface  of  the  copper  sheathing  of  the  bottom  of  a  ship, 
I  zinc  is  corrodei],  but  the  copper  remains  quite  bright  and 
Btot  oxydized  as  it  is  in  ordinary  cages.  It  was  shown  by 
pvy,  that  a  little  bit  of  zinc  will  keep  bright  a  considerable 
lace  of  copper.  In  this  case,  a  dccompusition  of  water  takes 
\,  accompanied  by  the  usual  disengagement  of  electricity, 
oxygen  unites  with  the  zinc,  while  the  hydrogen  13 
Dived  over  tlio  whole  surface  of  the  copper  for  a  conaider- 
B  way  round  the  "zinc.  It  is  this  evolution  of  hydrogen  that 
VTcnts  the  copper  from  being  oxydised.* 
When  wc  plunge  one  after  another  the  two  enda  of  the 
wire  of  a  multiplier  into  nitric  acid,  electricity  is 
evolvod.f 

Gold  or  platinum  wire,  while  of  the  same  temperature, 
cause  no  electric  current  when  plunged  into  nitric  acid ;  but 
if  we  heat  one  end  a  current  is  evolved.  A  current  also  ap- 
pears directly  if  we  add  a  little  muriatic  acid,  8o  as  to  cause 
the  acid  to  act  upon  the  gold  or  platiuum-t 


•  DanioU,  Phil.  Trsns.  1636.  p.  113. 

+  Bec(|uerel.  'I'riil*  de  rCkcitiwte,  ii.  7*. 
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CHAPTER  XVI. 


OF  THE  VOLTAIC  PILE. 


If  we  take  a  number  of  thin  plates  of  glass,  and  corer  tbe 
under  surface  of  each  with  a  thin  coating  of  zinc,  and  the  upprr 
surface  with  an  equally  thin  coatin<f  of  siWer  or  copper,  anJ 
if  we  place  these  discs  above  each  other  in  a  determinate  order; 
E!^^J]J^  namely,  the  zinc  side  of  each  always  undermost,  and  the  siUit 
^wo  me.  or  copjier  side  always  uppermost,  slight  electrical  effects  will 
be  produced,  which  incTcase  in  intensity  as  we  augment  the 
nunilKT  of  discs  of  i^lass.     When  two  of  these  dies  arc  laid 
upon  each  other,  the  silver  coating  will  be  electri6ed  minss 
and  the  zinc  coating  plus.     The  undermost  side  of  the  seoood 
glass  disc  will,  therefore,  be  in  a  state  of  positive  excitemeot: 
it  will  therefi)re  expel  positive  electricity  from,  and  atirarJ 
ne*:ative  riectrlcity  to,  the  upper  side  of  the  disi*  which  b 
coated  with  silver.     Su])pos4%  now,  another  trlass  disc  simiUrW 
ctmted  to  be  applied.     The  silver  side  of  the  second  diK  ii 
minus  before  the  application  of  the  new  disc ;  the  zinc  cnai* 
in;r«  in  conse<}uence,  will  become  more  iK>>itive  than  the  lioc 
coatintr  of  the  second  disc  :  hence  the  upp4*r  side  of  thii  third 
disc  will  be  more  ne;;ative  than  was  that  of  the  upper  tide  o( 
the  second  disc.     It  is  t^asv  to  see  how  the  char^re  incrf**<* 
in  inti*nsity   with  the  number  of  discs.     The  apparatus    ** 
analoi^ouH  to  the  eK*ctrophorus  or  the  condenser.     The  qu»*^ 
tity  of  electricity  thus  disen<^aged  is  extremely  small,  ami     ^^ 
does  not  become  sensible  till  the  discs  of  glass  amount  to  thir^! 
or  forty.     The  opposite  sides  of  ever)*  glass  are  in  differtr** 
electrical  states,  and  the  tpiantity  of  disengaged  eUHrtricity     ^ 
each  increases  with  their  numl>er.     If  we  bring  the  tmo  *i«i^ 
of  each  disc  in  contact,  by  means  of  a  wire,  the  ei|uiUbriiiii»    ^ 
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instantly  reatored,  and  3omc  time  elapses  before  tlic  discs  bo-  ch.  xvr. 
'omo  again  cliarged.* 

If  instead  of  gloss,  which  is  a  non-conductor  of  electricity,  **"'  ^^^ 
wo  employ  an  imperfect  conductor,  as  a  leaf  of  pa]ier,  similar  paper, 
electrical  phenomena  make  their  appearance.  Suppose  we 
take  round  pieces  of  paper  of  the  size  of  half-a-crown,  silvered 
on  the  one  aide,  by  the  application  of  very  thin  zinc  leaf,  and 
gilt  on  the  other  by  means  of  Dutch  loaf,  and  pile  thera  above 
(-Itch  other,  so  that  the  silvered  side  of  each  »liall  be  always 
iindemioat,  we  obtain  an  apparatus  wbirb  will  exhibit  elec- 
trieal  plienomena.  The  method  is  to  put  the  paper  discs 
within  a  glass  cylindcr,and,  at  least,  a  couple  of  thousand  paper 
discs  must  be  employed,  so  as  to  611  the  glass  cylinder  com- 
pletely from  top  to  bottom.  The  extremities  of  the  glass 
cylinder  are  shut  by  plates  of  brass,  directly  in  contact  with 
the  paper  discs,  and  provided  with  metallic  buttons.  The 
button  at  the  zinc  end  of  the  cylinder  is  always  in  the  state  of 
positive  electricity,  while  the  button  at  the  copper  end  of  tho 
cylinder  is  iu  the  state  of  negative  electricity.  This  kind  of 
apparatus  was  first  constructed  by  Dc  Luc,  and  afterwards  by 
^amboni,  and  they  have  been  constructed  in  different  ways; 
though,  as  the  theory  is  the  same  in  all,  it  seems  unnecessary 
here  to  enter  into  details. 

The  paper  in  these  piles  takes  the  pbice  of  the  disc  of  glass 
in  the  former  pile.  Now,  as  paper  is  an  imperfect  conductor, 
if  wc  discharge  the  electricity,  by  bringing  the  top  and  bottom 
of  the  pile  in  contact  by  mc^us  of  a  wire,  the  charge  is  very 
speedily  renewed  when  the  wire  is  withdrawn.  Two  of  these 
]'il>-!i  are  usually  placed  at  a  small  distance  from  each  other, 
rid  so  that  the  positive  pole  of  the  one  corresponds  with  the 
ir^ative  pole  of  the  other.  A  very  light  and  insulated  needle 
suspcudt'd  in  ctiuilibrium  upon  a  very  moveable  axis  between 
these  two  polos,  oscillates  continually  between  them.  The 
(iiit^s  discharge  their  electricity  by  means  of  this  needle,  which 
.  -,  in  consefiuence,  attracted  alternately  by  the  one  and  the 
her.     De  Luc  placed  a  small  bell  between  tlio  two  piles. 


pr'a  cxperimrnta  with  tlii»  pilr,  (JillK^rf*  AiiiiDlen, 
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PMrtll,  which  was  struck  by  small  metal  balls  suspended  between  the 
•  pole  of  the  piles  and  the  bell.  These  small  balls*  being  alter- 
nately attracted  and  repelled,  kept  striking  the  bell,  which  tbui 
continued  for  a  long  time  continually  ringing.  SometiMei  it 
stopped  suddenly ;  but  after  a  certain  intenral  it  began  agaia, 
and  the  bell  kept  ringing  as  before. 

These  piles  continue  to  act  for  several  months ;  bat  tbct 
finally  lose  their  activity,  owing  to  the  small  quantity  of  water 
originally  in  the  paper  being  at  last  totally  decomposed.  Evei 
before  they  finally  become  inactive,  their  intensity  varies  with 
the  temperature,  and  the  moisture  or  dryness  of  the  air. 

When  the  paper  of  which  these  piles  arc  constructed  is  made 
perfectly  dry,  their  intensity  is  very  much  diminished,  obri* 
ously  because  dry  paper  is  a  non-conductor  of  electricitT. 
The  consequence  is,  that  when  the  electricity  is  discharged,  i 
considerable  time  elapses  before  it  accumulates  again.  Bat 
Dr  Jaeger  found  that  when  the  temperature  was  raised  to  104', 
or  as  high  as  140^,  the  pile  begins  again  to  act  as  weD  si 
ever.*  We  must  conclude  from  this,  that  dry  paper,  while 
cold,  is  a  non-conductor  of  electricity,  but  that  it  becoaei 
again  a  conductor,  when  heated  up  to  104<'  or  1 40^.1 
Vulu*t  pile.  If^  instead  of  solid  non-conductors,  or  demi-conductork  «e 
employ  li«|uid  bodies  which  conduct  electricity,  the  energy  of 
the  pile  is  prinligiously  increased.  A  pile  constructed  in  tbi> 
way,  constitutes  the  pile  of  Vulta,  and  it  must  be  ranhfti 
among  the  greatest  discoveries  of  modern  timt^.  It  has  ik< 
only  nchled  greatly  to  our  knowledge  of  electricity,  but  hm 
contributed,  in  a  iturprisinp  degree,  to  the  extension  and  per- 
fection of  rhemiral  science.  If  we  compare  the  state  ^ 
chemistry  before  the  discovery  of  the  Voltaic  pile  with  it* 
present  aspect,  we  cannot  but  be  astonished  at  the  differeo^* 
and  this  dilferenoe  is  in  a  great  measure  owing  to  the  dii^^ 
veries  made  by  means  of  this  new  instrument  of  inve^tigali^'^ 

*  CiilbiTt'«  Annalcn  diT  IMiViiik,  xlix.  47. 

f  'V\iv  r«*a<lt'r  mlio  is  intvri-sUil  in  tin*  invffttigtlion*  of  thc»« 
M  thoy  hayv  Uvii  calktl,  may  con»uU  (iilUrt*4  ADnakrn  dcr  Vhruk* 
xlii.,  in  iKhich  buth  thr  pA|HT!<  of  Do  Luc  ami  Z:inilM>iii>  aimI  the  id* 
tiuiiA  ul'  J«q;cr»  arc  tu  br  found. 
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I  have  already,  in  a  preceding  chapter,  giyenan  account  of  Ch*  XVK 
the  controversy  between  Galvani  and  Volta,  which  led  to  the 
discovery  of  the  pik»     As  it  was  originally  constructed  by 
Volta,  it  consisted  of  a  number  of  round  pieces  of  zinc,  and 
silver,  or  copper,  each  about  the  size  of  half-a-crown.     There 
were  as  many  pieces  of  pasteboard,  as  there  were  of  zinc,  of 
the  same  round  shape,  but  a  little  smaller  size  than  the  metal 
discs.     These  pieces  of  pasteboard  were  soaked  in  an  aqueous 
solution  of  common  salt,  which  is  a  better  conductor  of  elec- 
tricity than  pure  water.     These  pieces  of  metal  and  moist 
card  were  piled  upon  each  other  in  the  following  order : — 
Zinc,  silver,  moist  card ;  zinc,  silver,  moist  card,  &c.,  always 
observing  the  same  order,  till  all  the  pieces  be  piled  upon  each 
other.     The  card  should  not  be  so  much  soaked  with  liquid, 
that  the  weight  of  the  plates  laid  above  it  will  be  sufficient  to 
squeeze  it  out,  and  cause  it  to  run  down  the  pile.     Because  in 
that  case,  it  would  insinuate  itself  between  the  zinc  and  silver 
discsy  which  has  a  surprising  effect  in  diminishing  the  efficacy 
of  the  pile.     In  such  a  pile,  the  uppermost  plate  is  silver,  and 
the  undermost  is  zinc.     The  intensity  of  the  electrical  pheno- 
mena increases  with  the  number  of  pairs  of  plates ;  but  they 
become  sensible  when  the  pairs  of  plates  amount  to  about 
a  dozen.     The  zinc  extremity  of  such  a  pile  is  charged  posi- 
tively, and  the  silver  or  copper  extremity  negatively.     If  these 
two  extremities  be  brought  into  contact,  by  means  of  a  con- 
ducting substance,  a  metallic  wire  for  example,  a  current  of 
electricity  sets  through  the  wire,  and  continues  to  pass  through 
it  as  long  as  the  pile  retains  its  activity.     Electric  sparks  may 
be  taken,  and  a  Leyden  jar  may  be  charged  by  such  a  pile, 
precisely  as  by  an  electrical  machine,  though  only  to  a  low 
degree  of  intensity.     If  we  moisten  the  finger  of  each  hand» 
uid  apply  them,  thus  wet,  to  the  two  extremities  of  the  pile, 
at  the  instant  of  contact  we  feel  a  shock,  the  intensity  of  which 
increases  with  the  number  of  pairs  of  plates  of  which  the  pile 
i>  composed.     As  long  as  the  fingers  are  kept  in  contact  with 
^  poles  of  the  pile,  we  feel  no  sensation  of  pain,  unless  a 
Po^tion  of  the  cuticle  be  rubbed  off,  or  any  part  of  the  finger 
bounded,  in  which  case  we  become  sensible  of  a  burning  sensa- 
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P*^  ^^'  tion  in  the  wounded  part,  which  becomes  more  and  more  paii>- 
ful  according  to  the  number  of  plates,  and  the  degree  of 
activity  of  the  pile.  If  we  touch  the  negative  end  of  the  pile 
with  the  wet  finger,  and  bring  a  platinum  or  gold  wire  from 
the  positive  end  in  contact  with  the  tongue,  we  become  teiiii- 
ble  of  a  strong  acid  taste.  If  the  wire  from  the  negmtive  end 
be  placed  in  contact  with  the  tongue,  while  we  touch  the  posi- 
tive pole  with  a  wet  finger,  we  become  sensible  of  a  itrong 
burning  or  alkaline  taste.  In  the  same  manner,  we  become 
sensible  of  light,  when  the  electric  current  is  made  to  pa» 
through  the  eye,  or  to  approach  the  nerves  distributed  to  the 
eye. 

Such  were  the  phenomena  observed  by  Volta,  the  inventor 
of  the  pile,  and  described  by  him  in  his  first  paper  on  the  sub- 
ject.* It  will  be  proper,  before  proceeding  farther,  to  expbuB 
the  various  modifications  which  Volta*s  pile  underwent  in  tbe 
hands  of  chemical  experimenters. 

i^C^Iiif  ^^^^^  ^^^^  improvement  was  made  by  Mr  Cniikshanki  of 
■luuiks,  Woolwich.  The  object  of  it  was  to  facilitate  the  constructioo 
of  the  pile.  lie  employed  square  plates  of  zinc  and  copper, 
each  about  four  inches  long,  and  as  much  in  breadth.  These 
])latcs  were  soUlered  together,  two  and  two ;  and  cemented  io 
a  trough  of  wood,  by  means  of  pitch,  or  any  nnn-conductiD| 
substance  with  which  the  inner  side  of  the  trough  was  cotctvJ* 
These  soldered  platoj*  of  zinc  and  copper  were  pLicod  all  intie 
»axnc  wav  in  the  troufjh  ;  that  is  tosav,  the  zinc  sides  wcftaO 
turned  towards  one  end  of  the  trough,  and  the  copper  nif* 
towards  the  other  end.  These  plates  were  cemented  into  il* 
trough,  at  the  distance  of  cibout  a  quarter  of  an  inch  fro0 
each  other,  thus  dividing  the  trough  into  as  many  separtte 
cells  as  there  were  pairs  of  plates.  To  nuike  the  trough  i' 
for  action,  nothiiiir  more  was  necessarv  than  to  fill  the  rril* 
with  the  liquid  destined  to  act  as  a  conductor.  It  is  vuie^^ 
that  such  a  trough  would  act  the  part  of  Volta's  pile;  *** 
that  the  end  of  it  terminated  by  the  zinc  plate  would  be  p**" 
tive,  while  that  terminated  by  the  cop|>er  plate  woulJ  1* 
nci^ative. 

•  Phil.  Tranf.  IbOO,  p.  403. 
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The  next  modification  was  to  substitute  wooden  or  stone-  Ch.  xvi, 
ware  troughs,  divided  each  into  ten  cells.  The  zinc  and 
copper  plates,  instead  of  being  soldered  together  along  their 
whole  surface,  had  each  a  ribbon  of  copper,  proceeding  from 
the  top  of  the  copper  plate,  and  soldered  to  the  top  of  the  zinc 
plate.  This  ribbon  was  of  such  a  length  as  just  to  pass  over 
the  division  between  two  adjacent  cells,  so  that  the  zinc  plate 
could  be  placed  in  one  cell  and  the  copper  in  the  next  adja- 
cent. In  this  way,  the  plates  were  arranged  so  as  to  fill  the 
trough,  (as  has  been  explained  in  a  preceding  chapter,)  and 
the  battery  was  increased  ad  libitum^  by  placing  any  num- 
ber of  troughs  side  by  side,  and  connecting  them  with  each 
other. 

It  was  observed  by  Dr  Wollaston,  that  the  electricity  ^^J^^*"^ 
evolved  was  proportional  to  the  surface  of  copper  opposite  to 
the  surface  of  zinc.  The  zinc  plate  is  the  one  that  is  corroded 
and  destroyed  by  the  action  of  the  dilute  acid  in  the  cells ; 
but  it  is  acted  upon  on  both  sides,  while  in  the  original  con- 
struction of  the  battery,  only  one  side  of  the  zinc  is  opposed 
by  copper.  This  causes  a  useless  waste  of  the  zinc  plates 
without  a  corresponding  evolution  of  electricity.  To  remedy 
this  defect,  he  suggested  the  propriety  of  surrounding  the  zinc 
plate  with  copper,  taking  care  that  the  two  metals  did  not 
come  in  contact,  except  where  the  copper  ribbon  is  soldered 
to  the  zinc.  This  new  modification  was  found  considerably 
to  increase  the  energy  of  the  battery. 

Morichini  has  shown  that  the  energy  of  the  apparatus  in- 
creases in  proportion  as  the  surface  of  the  electro-negative 
metal  is  extended.  This  metal  may,  he  says,  be  sextupled 
"^ith  always  an  increasing  energy ;  beyond  that  point,  the  rate 
&t  which  the  energy  increases  is  slower.* 

Dr  Hare,  professor  of  chemistry  at  Philadelphia,  has  con- H*"'««^ii- 
trived  a  new  modification  of  the  galvanic  apparatus.   He  takes 
two  plates,  one  of  copper  and  the  other  of  zinc,  and  placing 
t^  d]«c  of  leather  between  the  two,  he  rolls  them  up  in  the  form  of 
a  spiral.    The  leather  disc  is  now  removed,  and  the  two  metals 

•  Benclius,  Traits  do  Chimie,  i.  138. 
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F^rt  IL  are  prevented  from  touching  each  other,  by  interposing  fGp 
of  wood.  Each  of  these  plates  is  made  to  commnnicate  with  • 
plate  of  a  different  kind  of  metal,  the  xinc  with  copper,  and  the 
copper  with  xinc,  precisely  in  the  way  already  described  wbn 
giving  an  account  of  the  troughs.  A  number  of  these  double 
spirals  are  fixed  upon  a  piece  of  wood  in  the  same  way  as  hu 
been  just  explained.  These  cylinders  are  now  introduced, 
each  into  a  cylindrical  glass  vessel.  This  method  of  ooostroc- 
tion  is  attended  with  several  important  advantages.  By  thb 
contrivance  plates  of  a  very  large  sixe  may  be  introduced  iato 
a  very  small  vessel ;  so  that  the  expenditure  of  liquid  is  the 
least  possible.  Besides,  the  greatest  part  of  the  two  sides  sf 
each  plate  is  active,  being  placed  opposite  to  a  face  of  the 
other  metal. 

Dcflafra*        Dr  Hare  has  constructed  another  apparatus,  which  he  esDf 
a  deflagraior^  and  which  appears  to  possess  very  great  power. 
He  takes  a  plate  of  xinc  three  or  four  inches  square,  sod 
encloses  it  in  a  ease  of  copper,  distant  from  it  about  a  liar, 
and  touching  it  nowhere.     Any  number  of  these  plates  thv 
enclosed  in  copper  is  attached  to  a  horixontal  piece  of  wood* 
and  fixed  inunovably  that  there  may  be  no  risk  of  the  phts 
of  zinc  touching  the  copper  case  in  which  it  is  enclosed.    The 
zinc  plate  at  the  first  of  these  is  united  at  the  top  to  the  copper 
case  of  the  next  xinc  plate ;  and  this  is  continued  throoffh 
the  whole.     These  copper  cases  are  placed  at  a  very  imiil 
distance  from  each  other,  and  between  each  pair  is  introdnctd 
a  ])ircc  of  card  dipped  in  linseed-oil  varnish,  and  half  dn* 
They  are  then  compressed  so  as  to  adhere  so  closely  to  et(k 
other,  that  no  water  can  insinuate  itself  between  them.    Tbisff 
l>eing  thuH  disjKiscd,  the  apparatus  is  plunsred  into  a  trosfh 
containing  the  liquid,  and  not  divided  into  ct^lls ;  the  varoiibed 
card  answering  all  the  purposes  of  the  diaphragms  in  the  p«e- 
celain  trou^hr.     Four  such  ]>ieces  of  apparatus,  contaisiBf 
each  fifty  plates  of  xinc,  surrounded  each  by  its  copper  csi^* 
when  plunged  into  their  proper  troughs,  produce  very  postf* 
ful  effect.-*. 

The  apparatus  employed  by  U*>sted,  and  of  the  efficsfj  ^^ 
which  he  speaks  iu  high  terms,  approaches  very  nearly  u>  tM 
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Bone  of  Hare.     Indeed  the  theoretical  construction  of  both  Ch.  XVi, 

Hlie  same. 

■The  improTQinents  in  the  Voltaic  battery  suggested  by  Dr 

^be  have  been  fully  confirmed  by  Mr  Faraday.*     It  will  be 

H^r,  in  ibis  place,  to  give  a  coucise  account  of  the  most 

P^rtanl  of  these  improvements. 

K  In  the  Volt^c  battery,  the  chemical  forces  which,  during 

■Bir  activity,  give  power  to  the  instrument,  may  be  divided 

k»  two  portions,     The  first  of  these  is  exerted  locally,  while 

^  second  is  transferred  round  the  circle.     The  latter  con- 

HtBtes  the  electrical  current,  while  the  former  is  altogether 

Hrt  or  wasted.    The  ratio  between  these  two  portions  may  vary 

BOeedingly.     When  the  battery  is  not  closed,  all  the  action 

■  local.     When  amalgamated  zinc  plates  arc  used,  in  the  way 

■St  suggested  by  Mr  Kemp,t  all  the  chemical  power  circulates 

pd  becomes  electricity. 

L' Amalgamated  zinc  even  though  impure  does  not  sensibly  i^poTt""™* 

poompose  the  water  of  dilute  sulpliuric  acid,  but  still  has  such  maud  n 

pi  affinity  for  the  oxygen,  that  the  moment  a  metal,  as  copper, 

|Ueh  has  but  little  ufiinity,  touches  it  in  the  arid,  a  powerful 

B|  abundant  electric  current  is  produced.     Faraday  conceives 

Bt  the  mercury  acts  by  bringing  the  surface,  in  consequence 

^■ta  fluidity,  into  one  uniform  condition,  and  preventing  those 

PHerences  in  character  between  one  spot  and  another,  which 

be  necessary  for  producing  the  minute  Voltaic  circuits  de- 

pribed  by  Mr  Faraday.}     If  any  difference  does  exist  at  the 

pVt  moment,  with  regard  to  the  proportion  of  zinc  and  mer- 

prjr  Bt  one  spot  of  the  surface,  as  compared  with  that  of 

■totfaer ;  tbat  spot  which  has  the  least  mercury  being  first 

pled  on,  is  soon,  by  the  solution  of  the  zinc,  placed  in  the 

pne  condition  with  the  other  parts,  and  the  whole  plate  ren- 

ked  uniform  on  the  surface  :  hence,  one  part  cannot  act  as  a 

Hpharger  to  another,  and  the  full  equivalent  of  electricity  is 

Hwned  fur  the  oxydation  of  a  certain  quantity  of  zinc.     A 

pKery  constructed  with  the  zinc  so  prepared,  and  charged 

!•  PllU.  Tiann.  IS35,  p.  203. 

Lf  Jainrann'i  Edinburgh  Jniimnl,  October,  1828. 

fit  Pbil.  TniM.  IS34,  p.  «;k7.  ^M 
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^^"^  ^^'  with  dilute  sulphuric  acid,  is  active  only  while  the  electrode 
are  connected,  and  ceases  to  be  acted  on  by  the  aeid  the 
moment  the  communication  is  broken. 

Mr  Faraday  constructiMl  a  small  battery  of  ten  pain  of 
plates,  consisting  of  amalgamated  zinc  and  platinum  connertcd 
together  by  being  soldered  to  platinum  wires.  The  mpparatof 
had  the  form  of  the  couronne  des  tassen.  The  liquid  used,  vm 
dilute  sulphuric  acid,  of  the  specific  gravity  1*25.  No  actioc 
took  place  upon  the  metals,  except  when  the  electrodes  werr 

in  communication,  and  then  the  action  on  the  zinc  was  ook 

• 

proportional  to  the  decomposition  of  water  in  the  ezperimcnul 
cell;  that  is  to  say,  for  every  0*125  grains  of  hydrogen  sru 
evolved,  4*125  grains  of  zinc  were  dissolved  by  the  sulphurk 
acid  in  each  cell.  The  advantage  of  such  a  battery  ij,  that 
it  will  remain  much  longer  active  than  an  ordinary  battery,  acd 
the  zinc  plate  will  be  much  less  corroded  in  a  given  time. 

We  can  always  determine  the  quantity  of  zinc  which  eoei 
to  waste  in  a  Voltaic  Iwittery,  by  comparing  the  quantity  rf 
hydrogen  evolved  in  the  experimental  celK  with  the  quaoiitj 
of  zinc  dissiolved  in  any  of  the  colls  of  the  l>atter}*.  If  4*1^ 
of  zinc  be  dissolved  for  every  0*125  of  hydrogen  evolved,  ibfrr 
U  no  waste.  If  8*25  zinc  be  dissiilvod  for  everv  0*125  hiiir^^ 
gen,  then  half  the  zinc  is  dissolved  without  contrihutioi'  ^) 
thing  to  the  electric  current :  and  so  with  everj*  other  pn>- 
portion. 

If  a  Voltaic  battery  were  constructed  of  zinc  and  platintnn. 
the  latter   metal   surroundinir  the  former,  as   in  the  douK^ 
copper  arrauirement,  and  if  the  whole  were  excited  by  X\\^^ 
sul|)huric  aeid,no  insulating  divi<ion*«of  trlass,  porcelain,  or  a', 
would  be  required  between  the  contisjuous  platinum  Mir&rt** 
And,  provided  these  dul  nut  touch  metallically,  the  MiDf  »^ 
which,  between  tin*  zinc  and  platinum  wtiuld  excite  thrbatt*^ 
to  powerful  action,  would,  lietween  the  two  surfaces  of  pl*^* 
nuni,  produce  no  diseliarge  of  the  elivtricity,  nor  cawe  spJ 
diminutions  (»f  the  power  of  the  trough.      This  is  a  nrce****? 
conicijuence  of  tin*  resistance  to  the  current  which  Fan»^7 
has  blioHU  occurs  at  the  place  of  decomposition.* 

*  rial.  Trans.  1^J4,  p.  4<ki. 
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If  the  metal  surrounding  the  zinc  be  copper,  and  if  the  acid  Ch.  XVL 
be  aitro-stilphurlc,  then  a  slight  dischar^  between  the  two  cod- 
tiguouB  coppers  does  take  place,  provided  there  be  no  other 
channel  open  by  which  the  forces  may  circulate ;  but  when 
such  B  channel  is  permitted,  the  return  discharge  is  exceed- 
ingly diminished. 

These  principles,  no  doubt,  guided  Dr  Hare  in  the  con-  ^F?"* 
Btmction  of  his  trough  ;*  at  least  they  led  Faraday  to  adopt  bMior 
ao  instrument  of  precisely  the  same  kind.t     The  zinc  plates 
were  cut  from  rolled  metal,  and  when  soldered  to  the  copper 
plates,  bad  the  form  delineated  in  fig.  1.    z  representing  the 

Fig.  1. 


cine,  .and  c  the  copper  plate,  soHered  together  at  a.  They 
were  bent  over  a  gauge  into  the  form  fig.  2,  and  when  packed 
into  the  wooden  box,  constructed  to  receive  them,  were  ar- 
ranged as  in  fig.  3 ;  little  plugs  of  cork  being  used  to  prevent 
tbe  tine  plates  from  touching  the  copper  plates,  and  a  single 
o*  double  thickness  of  cartridge  paper  being  interposed  between 
tbe  contiguous  surfaces  of  copper,  to  prevent  them  from  coming 
u>  contact.  The  advantage  of  this  construction  is  the  facility 
»ith  which  the  battery  can  be  packed  and  unpacked,  the  very 
•mall  room  which  it  occupies,  and  the  small  quantity  of  dilute 
*cid  required  to  bring  it  into  action. 

L)r  Hare  contrived  to  make  the  plates  turn  on  a  pivot,  so 
•■  to  be  taken  at  once  out  of  the  trough  by  simply  turning 

*  fbil.  Hag.  liiii.  241 ;  and  Sillinun's  Jour,  vii.  347. 
^  Pliil.  Tnuw.  1835,  p.  364. 
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Fni  II.  them  rouod.  These  pivota  giro  6xed  teniiiiiati0itt»  wbkk 
enable  us  to  arrange  an  apparatus  to  be  used  with  the  hatterj, 
before  wc  bring  the  battery  into  action. 

The  trough  is  put  into  readiness  for  use  in  an  instaBt,  a 
single  jug  of  dilute  acid  being  sufficient  to  charge  a  binulrcd 
pairs  of  four  inch  plates.  On  making  the  trough  past  throogh 
a  quarter  of  a  revolution  it  becomes  active,  and  the  great 
advantages  obtained,  of  procuring  for  the  experiment  the  cfiect 
of  the  first  contact  of  the  sine  and  acid,  which  is  twice,  aad 
sometimes  even  thrice,  that  which  the  battery  can  prodnee  ia 
a  minute  or  two  after. 

When  the  experiment  fs  completed,  the  acid  can  be  at  ooce 
poured  from  between  the  plates,  so  that  the  battery  is  never 
left  to  waste  during  an  unconnected  state  of  its  extremitifs. 
This  will  constitute  a  considerable  saving  both  of  the  zinc  and 
the  acid.     In  consequence  of  this  saving,  thinner  plates  of  lior 
may  be  used,  and  Mr  Faraday  has  found  rolled  zinc  to  he 
superior  to  cast  zinc  in  action,  owing  probably  to  its  greater 
purity,  or  perhaps  to  the  greater  smoothness  and  evenneis  of 
the  surface.     By  using  a  due  mixture  of  nitric  and  sulpboric 
acid  for  the  charge,  no  gas  is  evolved  from  the  troughs;  » 
that  a  battery  of  several  hundred  pairs  of  plates  ma\\  witboot 
inconvenience,  be  close  to  the  experimenter.     If,  during  s 
series  of  experiments,  the  acid  becomes  exhausted,  it  can  ht 
withdrawn  and  rcplncod  by  other  acid  with  the  utmost  fsrilitv, 
and  the  plates  may  he  easily  washed  after  the  experimfoi  ii 
conrludcd. 

Mr  Faraday  has  made  some  practical  observations  refpet^ 
ing  the  construction  and  use  of  the  Voltaic  hatter}*,  the  refsk 
of  a  great  deal  of  practice  and  acute  observation.  Tkc* 
deserve,  on  that  account,  to  l>e  stated  in  this  place.* 

1.  Nature  and  strength  of  the  acid. —  Mr  Faraday  cbsip^ 
a  battery  of  forty  pairs  of  three  inch  plates,  with  a  miitafe  ^ 
200  watcT,  and  9  of  sulphuric  acid  of  commerce.  Each  pi*'' 
lost  4*Gti  atouiii  of  zinc  for  every  atom  of  water  dcconpM^* 
so  that  the  whole  battery  lost  186*4  atoms  of  zinc,  fore^c*? 


•  Phil.  Trant.  1835,  p.  206. 
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atom  of  water  decomposed.  Being  charged  with  a  mixture  of  Ch.  xvi. 
200  water  and  16  of  muriaticacid,*  each  plate  lost  3*8  atoms,  or 
the  whole  battery  152  atoms  of  zinc  for  every*  atom  of  water 
decomposed.  Being  charged  with  a  mixture  of  200  water  and  8 
nitric  acid,f  each  plate  of  zinc  lost  1*85,  or  the  whole  battery 
74*16  atoms  for  every  atom  of  water  decomposed.  The  sul- 
phuric and  muriatic  acids  evolved  much  hydrogen  gas  at  the 
plates  in  the  trough ;  but  the  nitric  acid  occasioned  the  evolu- 
tion of  no  gas  whatever.  From  these  experiments,  it  is  obvi- 
ous that  nitric  acid  is  the  best.  Mr  Faraday  thinks  that  it 
owes  this  superiority  to  its  favouring  the  electrolyzation  of  the 
liquid  in  the  cells  of  the  trough,  and  consequently  favouring 
the  transmission  of  electricity,  and  of  course  the  production  of 
transferable  power. 

The  addition  of  nitric  acid  improves  both  sulphuric  and 
muriatic  acids.  When  the  same  trough  was  charged  with  a 
mixture  of  200  water,  9  sulphuric  acid,  and  4  nitric  acid,  each 
plate  of  zinc  lost  2-786,  and  the  whole  battery  111*5  atoms 
for  every  atom  of  water  decomposed.  When  the  charge  wpa 
200  water,  9  sulphuric  acid,  and  8  nitric  acid,  the  loss  per 
plate  was  2*26  atoms,  or  for  the  whole  battery  90*4  atoms  for 
every  atom  of  water  decomposed.  When  the  charge  was  200 
water,  1 6  muriatic  acid,  and  6  nitric  acid,  the  loss  per  plate 
was  2*11,  and  of  the  whole  battery  84*4  atoms  for  each  atom 
of  water.  We  see  here  the  advantage  of  adding  nitric  acid  to 
sulphuric.  Mr  Faraday's  usual  charge  is  200  water,  4^  sul- 
phuric acid,  and  4  nitric  acid. 

It  would  appear  from  Mr  Faraday's  experiments,  that  the  in- 
creaBe  of  the  strength  of  the  acid  does  not  add  much  to  the  elec- 
trolytic effects.  When  the  trough  was  charged  with  a  mixture  of 
SCO  water  and  8  nitric  acid,  each  plate  lost  1*854  atoms  of  zinc 
for  the  decomposition  of  1  atom  pf  water.  When  the  charge 
was  200  water  and  16  nitric  acid,  the  loss  per  plate  was  1*82 
sUoms  zinc ;  when  it  was  200  water  and  32  nitric  acid,  the  loss 
^mtm  2*1  atoms  per  plate.  When  a  charge,  consisting  of  200 
ivater,  4^  sulphuric  acid,  and  4  nitric  acid,  was  used,  each  plate 

*  One  cubic  inch  of  this  acid  dissolved  108  grains  of  marble, 
t  One  cubic  inch  of  this  acid  dissoWed  150  grains  of  marble. 
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P«rt  II.    lost  2*1G  atoms ;  with  a  charge  of  200  water,  9  sulphuric  acid, 
and  8  nitric  acid,  the  loss  was  2*26  atoms. 

No  copper  is  dissolved  during  the  regular  action  of  the 
Voltaic  trough.  Much  ammonia  is  formed  in  the  cells  whoi 
nitric  acid  cither  pure  or  mixed  with  sulphuric  is  used* 

2.  The  uniformity  of  the  charge  in  all  the  different  cells  of 
the  troughs  is  of  great  consequence  to  the  regular  action  of 
the  battery, 
zine  3.  The  zinc. — If  pure  zinc  could  be  obtained,  it  would  be 

por^  very  advantageous  in   the  construction  of  the   Voltaic  ap- 

paratus.    Most  zincs  when  put   into  dilute  sulphuric  add, 
leave  more  or  less  of  an  insoluble  matter  upon  the  surface  in 
form  of  a  crust.     It  is  a  mixture  of  copper,  lead,  zinc,  iron, 
cadmium,  &c.      Such  particles  by  discharging  part  of  the 
transferable  power,  diminish  the  effect  of  the  battery.     No 
gas  ought  to  rise  from  the  zinc  plates,  the  more  gas  is  gener- 
ated  upon  them,  the  greater  is  the  local  action  and  the  less  tke 
transferable  force.     The  investing  crust  upon  the  surface  of 
the  zinc  plates  is  also  inconvenient,  by  preventing  the  displace- 
ment and  renewal  of  the  charge  upon  the  surface  of  the  out. 
The  more  slowly  the  zinc  dissolves  in  the  dilute  acid  so  nucb 
the  better.     Zinc  containing  much  copper  should  be  partial- 
larly  avoided ;  Mr  P'araday  found  rolled  Liege  or  MoMelinao** 
zinc  the  bt»st. 

After  use,  the  plates  of  a  battery  should  be  cleaned  from  tk^ 
ro(*talli(*  powder  upon  their  surfaces.  If  a  few  foul  plates  ir« 
mingled  with  many  clean  ones  they  make  the  actions  in  tbe 
ditfiTeiit  ct'lls  irregular,  the  transferable  power  ia  diminiibeiL 
while  tilt*  local  and  wa.*tted  power  is  increased. 

Voltaic  batteries  are  much  more  jiowerful  when  the  pUt** 
are  new  than  after  they  have  been  used  two  or  three  time*- 
A  tniutrh  of  twenty  pairs  of  four  inch  plates,  cbtrjred  with  W» 
water,  4^  sulphuric  acid,  and  4  nitric  acid,  lost  the  first  tiw*^ 
was  u.-imI  2'32  atoms  of  /inc  per  plate.  When  used  after  tb« 
fourth  time  \*  itli  thr  same  charge,  the  loss  was  from  3'S*  ^ 
4*47  atoms  per  plate.  The  average  lieing  3*7  atoms  the  fr* 
time  the  fort j  pairs  «f  plates  troujrh  was  used,  the  loss  at  tf^ 
pktc  was  (mly  1*G5  atoms;  but  afterwards  it  became  S"'^ 
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2*17,  2-52  atoms.     The  first  time  twenty  pairs  of  four  inch  Ch.  xvi. 
plates  in  a  porcelain  trough  were  used,  the  loss  per  plate  was 
3*7  atoms;  but  afterwards  the  loss  became  5*25,  5*36,  5*9 
atoms,  yet  in  all  these  cases  the  zincs  had  been  well  cleaned 
from  adhering  copper,  &c.,  before  each  trial  of  power. 

With  rolled  zinc  the  fall  of  force  soon  ceased  to  proceed  any 
farther ;  but  with  cast  zinc  plates  belonging  to  the  porcelain 
troughs,  it  appeared  to  continue  until  at  last  with  a  given 
charge  each  plate  lost  above  twice  as  much  zinc  for  a  given 
amount  of  action  as  at  first. 

4.  Vicinity  of  the  copper  and  zinc. — It  has  been  long  known  ^*"*^  »"* 
that  the  action  of  the  battbry  is  much  promoted  by  bringing  thouid  be 
the  copper  and  zinc  surfaces  as  near  to  each  other  as  possible,  other. 
Mr  Faraday  has  found  that  the  sum  of  the  transferable  power 
compared  with  the  whole  amount  of  the  chemical  action  on  the 
plates  is  much  increased  by  this  proximity.     The  reason  of 
this  is  evident.    Whatever  tends  to  retard  the  circulation  of  the 
transferable  force,  diminishes  that  force  while  it  increases  the 
local  action.     The  liquid  in  the  cells  possesses  this  retarding 
power,  and  therefore  acts  injuriously  according  to  the  quantity 
of  it  between  the  zinc  and  copper  plates:  hence  a  trough  in 
which  the  plates  are  only  half  the  distance  asunder  at  which 
they  are  placed  in  another,  will  produce  more  transferable  and 
less  local  effect  than  the  latter. 

The  superiority  of  double  coppers  over  single  plates  de- 
pends in  part  upon  diminishing  the  resistance  offered  by  the 
electrolyte  between  the  metals ;  for  with  double  coppers  the 
aectional  area  of  the  interposed  acid  becomes  nearly  double 
tiiat  with  single  coppers,  and  of  course  it  transmits  the  elec- 
toicity  more  freely.     Double  coppers  are  effective  chiefly  be- 
eanse  they  virtually  double  the  acting  surface  of  the  zinc ;  for 
in  a  trough  with  single  copper  plates  and  the  usual  construc- 
tion of  cells,  that  surface  of  zinc  which  is  not  opposed  to  a 
copper  sur&ce  is  thrown  almost  entirely  out  of  the  Voltaic 
iMtion,  yet  the  acid  continues  to  act  upon  it,  and  to  dissolve 
it  without  producing  any  beneficial  effect.     When  by  doubling 
tlie  copper,  that  metal  is  opposed  to  the  second  surface  of  the 
nic  plate,  a  great  part  of  the  action  upon  the  latter  is  con- 
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'^'^'''   verted  into  transferable  force,  and  thus  the  power  of  tbe 
trough  is  much  increased. 

6.  First  immersion  of  the  plates. — Afr  Faraday  aacribet  tbe 
great  effect  produced  at  the  first  immersion  of  the  plates  to 
the  unchanged  condition  of  the  acid  in  contact  with  the  line 
plate.  As  the  acid  becomes  neutralized,  its  exciting  power  ii 
proportionably  diminished.  Dr  IIare*sform  of  trough  secures 
much  advantage  of  this  kind,  by  mingling  the  liquid  and  bring* 
ing  what  may  be  considered  as  a  fresh  surface  of  acid  against 
the  plates  every  time  it  is  used  immediately  after  rett. 
Fffrrtof         6.  Number  of  plates. — The  most  adrantacreous  number  of 

number  of  "^   *^  ,  ^  ,  . 

putcs.        the  plates  in  a  battery  used  for  chemical  decompontion  de- 
pends upon  the  resistance  to  be  overcome  at  the  place  of  ac> 
tion  ;  but  whatever  that  resistance  may  be,  there  b  a  certaia 
number  of  plates  which  is  most  economical.    Ten  pairs  of  ftmr 
inch  plates  in  a  porcelain  trough  of  the  ordinary  constracdoOt 
acting  upon  dilute  sulphuric  acid  of  specific  gravity  1*314, 
gave  an  average  consumption  of  5*4  atoms  of  zinc  per  platr« 
or  54  atoms  on  the  whole.     Twenty  pairs  of  the  same  phtei 
with  the  same  acid,  i;ivc  a  consumption  of  5*5  atoms  per  plite, 
or  1 10  atoms  on  the  whole ;  while  forty  pairs  of  the  same  plite* 
with  the  same  acid  jrave  3*54  atoms  per  plate,  or  141*6  atonu 
on  the  whole.     Thus  the  consumption  of  zinc  arranged  i» 
twenty  plates  was  more  advantageous  than  if  arranged  filte 
as  ten  or  as  forty.     Ten  pairs  of  4  inch  plates  lost  each  6*76 
atoms,  or  67'^)  atoms  of  zinc  on  the  whole  in  effecting  decoo* 
position:  while  twenty  pairs  of  the  same  plates,  excited  by  tbe 
same  acid,  lust  3*7  atoms  each,  or  74  atoms  on  the  whole,  h 
other  comparative  experiments  made  by  Mr  Faraday,  tcnpsi" 
of  3  inch  plates  lost  3*725  atoms,  or  37*25  on  the  whole;  wkik 
twenty  pairs  lost  2-r)3  atoms  each  ;  or  50*6  in  all,  and  forty 
pairs  lost  2*21  atoms  eaeh,  or  88*4  atoms  in  all.     Tbutf  itsp* 
pears,  tliat  ^itli  acid  of  the  strength  alwve  indicated,  twenty 
pairs  <»f  plates  are  more  economical  than  either  ten  or  forty  f^^ 
Hut  ^hen  a  weaker  acid  or  worse  conductor  is  Uf*4  tbe 
numlHT  of  plates  \il)ioli  are  most  advantageous  is  inrreti'^* 
on  the  other  liand,  by  u>ing  a  stronger  acid  or  a  better  f^*" 
ductor,  the  number  of  plates  may  l>e  reduced  even  to  a  li^'^ 
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pair,  US,  for  instanc«,  when  n  thick  wire  ia  employed  to  com-  Ch.  XV t. 
[ilcte  the  circuit.  The  reitson  of  this  is,  that  ench  eucccssive 
pluti)  in  the  Voltaic  ap[)ariitiis  does  not  add  any  thing  tn  the 
tjuafUily  of  transferable  power  or  electricity  which  the  first 
plat«cansDt  ill  motion,  provideiJ  a  good  conductor  be  present; 
but  tends  only  to  increase  the  intensity  of  that  quantity,  or  to 
make  it  more  able  to  overcome  the  obstruction  of  bad  con- 
diictur<«. 

/•  Large  or  stntUt  jiiates The  advantageous  use  of  large  S^jljl^ 

or  small  plates  fur  clcctrotyxationB  depends  upon  the  facility 
with  which  the  transferable  electricity  can  pass.  If  io  a  parti- 
cular case  the  most  effectual  number  of  i»late8  is  known,  the 
addition  of  more  nine  would  be  most  advantageously  made  by 
increasing  the  si/e  of  the  plates  and  not  their  number.  Largo 
increase  of  the  size  of  the  plates  raises  in  a  small  degree  the 
inost  favourable  number.  Large  and  email  plates  should  not 
lie  used  together  in  the  same  battcrj'.  The  small  ones  occasion 
a  teas  of  power  nf  the  lurge  ones,  unless  they  be  excited  by 
an  acid  proportionally  more  powerful;  for  with  the  same  acid 
thoy  cannot  transmit  the  same  portion  of  elcclricity  in  a  given 
time  as  is  evolved  from  the  larger  plates. 

8.  Simultatitotts  deampoaitions. —  When  the  number  of  plates  EffMtor 
in  a  battery  much  surpasses  the  most  favourable  proportion,  e«nduciar 
two  or  more  decomposiUons  may  be  effected  at  the  same  time 
witli  (ulvantage.  Thus  in  Mr  Faraday's  trough  of  forty  pairs, 
one  Volta's  electrometer  produced  22*8  cubic  inches  of  gas  in 
a  given  time.  IJeing  recharged  exactly  in  the  same  manner, 
the  produce  in  each  of  two  Volta  electrometers  waa  21  cubic 
inches.  In  the  first  experiment  the  whole  consumption  of 
^ino  waa  88'4  atoms,  and  in  tho  second  only  48-28  atoms,  for 
ihe  whole  water  decomposed  in  both  electrometers;  but  when 
twenty  pairs  of  4  inch  plates  were  tried  in  the  same  manner, 
the  results  were  of  an  opposite  nature.  With  one  electrometer 
02  cubic  inches  of  gas  were  obtained ;  with  two  only  14-6 
B  inches  in  each.     The  consumption  of  metal  in  the  first 

9  was  74,  and  in  the  second  117  atoms. 

t  the  transfirring  or  conrtuciing  power  of  an  electrolyte 

ich  is  to  he  decomposed  should  be  rendered  as  good  as  po»- 


i 
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i'«rt  II.  sible  is  evident.  With  a  perfectly  good  conductor  and  a  rood 
battery,  nearly  all  the  electricity  is  passed  even  with  a  iinek 
pair  of  plates.  With  an  interposed  non-conductOTt  mmt  of 
the  chemical  power  becomes  transferable.  With  an  ii 
feet  conductor,  more  or  less  of  the  chemical  power 
transferable  according  to  circumstances ;  namely,  actoal  ia- 
crease  or  improvement  of  the  conducting  power,  enlargemeat 
of  the  electrolytes,  approximation  of  the  electrodes,  and  ia- 
creased  intensity  of  the  passing  current. 

The  introduction  of  common  spring  water  in  place  of  one 
of  the  Vulta  eudiometers  used  with  twenty  pairs  of  4  tack 
plates,  caused  such  obstruction  <as  not  to  allow  oiie>fiftecntk 
of  the  transferable  force  to  pass  which  would  have  circolatel 
without  it.  Thus  jjths  of  the  available  force  of  the  hatterj 
were  destroyed,  yet  the  platinum  electrodes  in  the  water  were 
three  inches  long,  nearly  an  inch  wide,  and  not  a  quarter  of 
an  inch  apart. 

When  an  ordinary  Voltaic  battery  is  in  action,  its  rerr  ac- 
tivity produces  certain  effects  which  cause  a  serious  dimiaa- 
tion  of  its  power.     This  makes  it  a  very  inconstant  instroDrol 
as  to  the  quantity  of  effect  which  it  is  ca|iable  of  produciitf- 
When  abatterv  is  in  action,  the  oxide  of  zinc  formed  oombiDCf 
with  the  cioid  employed  to  excite  the  actions;  thii>  occasion 
the  formation  of  a  tilui  of  solution  of  sulphate,  (or  nitrate  or 
clilorido,)  of  /luc  in  contact  with  the  zinc  plate.     The  arii 
bein<r  neutralized  or  nearly  so  in  this  film,  tiic  oxydixomeot 
of  the  zinc  cannot  iro  on  with  the  same  facility  as  liefore,  tnJ 
the  chemical  action  beinir  thus  interrupted,  the  Voh.uc  ortioo 
dimini!«l)os  with  it.      This  tilm  of  liquid  is  not  e;isily  dispUreJ. 
especially  if  the  surface  of  the  zinc  be  rou^h  and  im"j:uUr. 

A  second  cause  of  diminution  in  the  force  of  the  Voliai*' 
batter\,  is  the  extraordinarv  state  i)f  the  surfaces  of  metAU  io 
consrqut'nce  of  vihich  reverse  currents  are  proiluced  after  ll>* 
battery  lias  l)cen  somr  time  in  action.  It  was  fir&t  noliccil  1*? 
Hitter,  and  afterwards  ('Xperimentod  on  by  Marianini  au«i  •^- 
de  la  Kivo. 

Weak  and  rxhau-^tt^l  rhartrcs  .shouhl  never  Ik»  used  *t  t^-'*^ 
same  uiue  with  stron*:  and  fre&h  ones  in  the  different  cclb  ^^ 
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a  trough,  or  the  different  troughs  of  a  battery.  The  fluid  in  Cb.  xvi. 
all  the  cells  should  be  alike,  otherwise  the  plates  in  the  weaker 
cells,  in  place  of  assisting,  retard  the  passage  of  the  elec- 
tricity, generated  in  and  transmitted  across  the  stronger  cells. 
Each  zinc  plate  so  situated  has  to  be  assisted  in  decomposing 
pewer  before  the  whole  current  can  pass  between  it  and  the 
liqiud.  If  in  a  battery  of  fifty  pairs  of  plates,  ten  of  the  cells 
contain  a  weaker  charge  than  the  others,  then,  in  fact,  ten  de- 
composing plates  are  opposed  to  the  transit  of  the  current  of 
forty  pairs  of  generating  plates ;  so  that  if  the  ten  pairs  of 
plates  were  removed,  the  remaining  forty  pairs  would  be  much 
more  powerful  than  the  whole  fifty. 

Associations  of  strong  and  weak  pairs  of  plates  should  be 
avoided.  Faraday  found  that  a  pair  of  copper  and  platinum 
plates,  arranged  in  accordance  with  a  pair  of  zinc  and  platinum 
plates,  in  dilute  sulphuric  acid,  stopped  the  whole  action  of  the 
latter. 

The  reversal,  by  accident  or  otherwise,  of  the  plates  in  a 
battery,  has  an  exceedingly  injurious  effect.  It  is  not  merely 
the  counteraction  of  the  current  which  the  reversed  plates 
jnrodoce,  but  their  effects  also  in  retarding  as  indifferent  plates, 
and  requiring  decomposition  to  be  effected  on  their  surface, 
ia  accordance  with  the  course  of  the  current  before  the  latter 
can  pass.* 

From  these  observations  it  is  obvious  how  impossible  it  is 
to  have  a  Voltaic  battery  which  will  act  for  a  considerable 
length  of  time  in  a  constant  and  uniform  manner ;  yet,  for 
many  important  objects  of  investigation,  such  an  apparatus  is 
nioit  important.  The  scientific  world,  therefore,  lies  under 
gftBt  obligations  to  Professor  Daniell  for  his  suggesting  a 
method  of  constructing  a  battery  which  is  constant  and  uni- 
wm  in  its  action  for  a  considerable  time.f 

His  constant  battery  consists  of  ten  pairs  of  plates  arranged  Danien*t 
^'^rQJarly  m  a  kind  of  couronne  des  tosses.     Fig.  1.  repre-  uttery. 
••'rts  a  section  of  one  of  the  cells,  ten  of  which  are  shown  in 
^^''Uiezion  in  fig.  2.    a  6  c  (/  is  a  cylinder  of  copper  six  inches 

•Faiaday,  phU.  Trans.  1834,  p.  465.        f  Phil.  Trans.  1836,  p.  117. 
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Ttrt  II.    high,  and  three  uid  i  b*lf  inchea  wide.     It  u  opn  ■(  the  U 
(a  b)  i  but  closed  at  the  bottom,  except  a  odlar  (</)>  atsdi 


for  the  rrccptiun  of  a  cork,  intu  which  a  flan  BTpboo  '""' 
Of  k  ij  k)  u  fitted.     Oil  tbu  top  (a  b)  a  copper  collar,  tH^ 
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With  the  one  at  the  bottom,  rests  by  two  homontal  Ch.  xvi. 
eviously  to  the  fixing  of  the  glass  syphon  tube  in  its 
embranous  tube,  formed  of  a  part  of  the  gul|et  of  an 
nrn  through  the  lower  collar  (e/),  and  fastened  with 
le  upper  (/ m  no);  and,  when  tightly  fixed  by  the 
N,  forming  an  internal  cavity  to  the  cell  communi- 
h  the  syphon  tube  in  such  a  way  as  that  when  filled 
iquid  to  the  level  (m  o),  any  addition  causes  it  to 
t  the  aperture  (k).  In  this  state,  for  any  number  of 
wed  to  fall  into  the  top  of  the  cavity,  an  equal  num- 
scbarged  from  the  bottom ;  p  q  isa  rod  of  cast  zinc, 
ted  with  mercury,  six  inches  long,  and  half  an  inch 
jr,  supported  on  the  rim  of  the  upper  collar  by  a 
>od  (r  «),  passing  through  a  hole  drilled  in  its  upper 
/  is  a  small  cup  for  the  reception  of  mercury,  by 
1  the  cavity  (u)  at  the  top  of  the  zinc  rod,  various 
3  of  the  copper  and  zinc  of  the  different  cells  may 
by  means  of  wires  proceeding  from  one  to  the  other. 
I.  ten  cells  are  represented  as  connected  in  a  single 
zinc  of  one  with  the  copper  of  the  next.  They 
1  a  small  table  in  a  circle,  with  the  apertures  of  the 
)es  turned  inwards,  surrounding  a  large  funnel  com- 
y  with  a  basin  underneath  for  the  reception  of  any 
eh  may  overflow.  A  smaller  funnel  is  supported 
nternal  cavity  of  each  cell  by  a  ring  sliding  upon 
ass  placed  between  each  pair  of  cells.  One  of  these 
)wn  in  the  figure  to  avoid  crowding, 
battery  the  surface  of  one  of  the  amalgamated  zinc 
s  than  ten  square  inches,  while  the  internal  surface 
per  cylinder  opposed  to  it  is  nearly  72  square  inches. 
cipal  object  in  view  is  to  remove  out  of  the  circuit 
d{  zinc,  which  has  been  found  injurious  to  the  action 
mion  battery.  This  is  accomplished  by  the  suspen- 
c  rod  in  the  interior  membranous  cell,  into  which 
ulated  water  is  allowed  slowly  to  drop  from  the 
ipended  over  it,  and  the  aperture  of  which  is  adjusted 
rpose;  while  the  heavier  solution  of  the  oxide  is  with- 
m  the  bottom  at  an  equal  rate  by  the  syphon  tube. 
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Ftft  H.  A  second  object  was  to  absorb  the  hydrogen  erolTed  ope 
the  cop|>er  without  the  precipitation  of  any  substanoe  whk 
might  deteriorate  the  ktter.  This  was  attained  by  charsiz 
the  exterior  space  surrounding  the  membrane  with  a  iatiira:4 
solution  of  sulphate  of  copper  instead  of  dilute  acid*  Up( 
completing  the  circuit,  the  current  passed  freely  throngli  tli 
solution.  No  hydrogen  made  its  appearance  upon  the  co 
ducting  plate ;  but  a  beautiful  pink  coating  of  pure  copp 
was  precipitated  upon  it,  and  thus  perpetually  renewed  i 
surface. 

^Mlen  the  whole  battery  was  properly  arranged,  and  char^f 
in  this  manner,  no  evolution  of  gas  took  place  from  the  efo 
rating  or  conducting  plates,  either  before  or  after  the  coi 
nexions  were  complete.  But  when  a  Voltameter  was  incliuk 
in  the  circuit,  the  action  was  found  to  be  very  energetic* 
was  also  much  more  steady  and  permanent  than  the  coonofl 
battery;  but  still  there  was  a  gradual,  though  Terr  do 
decline,  which  Mr  Daniell  traced  to  the  weakening  of  ti 
saline  solution  by  the  precipitation  of  the  copper,  and  tt 
consequent  decline  of  its  conducting  power. 

To  obviate  this  defect,  he  suspended  some  sulphate  c 
copper  in  small  muslin  bags',  which  just  dipped  below  thr  fot 
face  of  the  solution  in  the  cylinders ;  which  gradually  diiaoU 
ing  as  the  precipitation  proceeded,  kept  it  in  a  $Ute  ^^ 
saturation.  This  expedient  answered  the  purpose  §o  wa 
that  the  current  wa<  perfectly  steady  for  six  hours  togcth^- 

Ki«:.  3.  represents  a  section  of  this  additional  arranireiiKBt. 
(achf)  is  the  collander  with  its  central  collar  {bdg^^ 
which  rests  by  a  small  ledge  upon  the  rim  of  the  cjliinfc*' 
the  membrane  is  ilrawn  through  the  collar,  and  turning  oi^ 
its  edtre,  is  then  fastened  by  twine. 

After  this  alteration,  the  effective  length  of  the  line  r.>i» 
exposed  to  the  action  of  the  acid  was  no  uu>rc  than  4  J  inch**- 
The  s|KM-i!ic  gravity  of  tlie  solution  of  sulphate  of  copper  •** 
M;mr>,  and  that  of  the  standard  sulpliurie  acid  was  1*0273. 

With  tliis  char«re,  after  the  circuit  ha<l  been  completed  i*^ 
ten  minut(*s,  the  mean  (quantity  of  mixed  gases,  taken  si  *^ 
tervals  of  five  minutes  for  two  hours,  was  2*1  cubic  ind^ 
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The  results  never  varied  more  than  O-l  culiii;  inch  from  one  Cb.  xvi. 
nnollicr.  The  battory  was  then  left  in  connexion,  without 
the  Voltameter,  for  two  hours,  aod  aguin  examined  for  three 
intervals  of  five  minutes.  The  mean  quantity  of  gases  evolved 
Wits  found  the  same  as  before.  It  was  again  loft  in  connexion 
for  two  liours,  and  re-examined  with  the  same  result. 

On  adding  nitric  acid  to  the  solution  of  sulphate  of  i-opper, 
Mr  Daniell  found  that  an  injurious  etfcot  was  produced:  the 
mean  quantity  of  gas  in  five  minutes  being  lowered  to  l-l 
cubic  inch.  At  this  rate  of  action,  however,  the  battery 
remained  steady  for  six  hours.  Mr  Daniell  then  restored  the 
iilpfaate  of  copper  solution  in  the  exterior  cavity  of  the  coUa 
M  its  original  state,  and  doubled  the  strength  of  the  dilute 
K  Id  in  the  interior  portion,  adding  for  this  4J  measures  of 
I  rung  sulphuric  acid  of  commerce  to  100  measures  of  the 
iiitfinal  weak  acid.  The  specific  gravity  was  now  l'05(>2; 
.mil  tlie  mean  qiianlity  of  gas  evolved  in  the  Voltameter  was 
increased  to  3*8  cubic  inches  in  6ve  minutes.  Removing  the 
meter,  and  continuing  the  connexion  of  the  circuit  for  four 
hours,  iind  then  replacing  the  meter,  the  battery  was  found 
to  ho  still  acting  at  the  same  rate.  The  addition  of  nitric  acid 
to  the  solution  of  sulphate  of  copper,  again  reduced  the  rate 
to  2- 1  cubic  inches. 

Mr  Daniell  now  added  to  the  sulphuric  acid  solution  an 
equal  volume  of  nitric  acid,  and  restored  the  neutral  sulphate 
of  copper  in  the  exterior  division.  At  the  first  impression  an 
increa.icit  effect  seemed  to  be  protluced,  and  tlie  action  for 
the  first  quarter  of  an  hour  was  as  high  as  4'2  inches  of  gas 
in  five  minutes,  but  it  ultimately  settled  down  and  remained 
at  the  former  amount  of  3*8  inches. 

Mr  DanicU  found  that  the  number  of  atoms  of  water  de- 
composed by  this  battery  was  very  nearly  equal  to  tho  number 
of  atoms  of  zinc  dissolved ;  so  that  very  little  indeed  of  the 
ftction  of  the  battery  was  local.  The  whole  electricity  evolved 
(very  nearly)  was  transferred  in  the  circuit. 

On  mixing  the  same  quantity  of  sulphuric  acid  as  existed 

In  the  interior  division  with  the  ^nlphate  of  copper  solution, 

^Ba  battery  was  uiadr  more  powerful,  yielding  13  cubic  inches 
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Put  I  !•  of  gas  per  five  minutes,  instead  of  1 1  inches.  WImni  the  I 
perature  of  the  liquid  augmented  to  110s  the  gms  extrici 
in  five  minutes  was  22  inches.  It  increased  with  the  t 
perature,  and  at  212o  was  more  than  doubled.* 
Dr  Bird*!  It  may  be  worth  while  to  notice  here  an  ingentoas  aa 
cation  of  Mr  Daniell's  battery,  contrived  by  Dr  GoU 
Bird.f  It  is  capable  of  furnishing  a  constant  current  of  i 
weak  intensity  for  several  weeks,  and  is  therefore  very  i 
vonient  for  certdn  experiments.  A  glass  cylinder,  1*5  i 
in  diameter,  and  4  inches  in  length,  is  closed  at  one  end 
means  of  a  plug  of  plaster  of  Paris,  0*7  inch  in  thickn 
This  cylinder  is  fixed,  by  means  of  corks,  inside  a  cylindi 
glass  vessel,  about  8  inches  deep,  and  2  inches  in  diamc 
A  piece  of  sheet  copper,  6  inches  long,  and  3  inches  w 
(having  a  copper  conducting  wire  soldered  to  it)  is  loo 
coiled  up  and  placed  in  the  small  cylinder  with  the  plasler 
torn ;  a  piece  of  sheet  zinc  of  equal  size  is  also  loosely  co 
up  and  placed  in  the  larger  external  cylinder  (being  fumii 
like  the  copper  plate  with  a  conducting  wire).  The  lai 
cylindrical  glass  being  nearly  filled  with  weak  brine,  and 
smaller  with  a  saturated  solution  of  sulphate  of  copper, 
two  fluids  being  prevented  from  mixing  by  the  plaster  of  P 
diaphragm,  Xhe  apimratus  is  complete ;  and,  if  care  be  ta 
that  the  fluids  in  the  two  cylinders  arc  at  the  same  lefcl* 
continue  to  aiTord  a  continuous  current  of  electricity  for  u 
weeks,  the  sulphate  of  copper  being  very  slowly  docompa 
So  feeble  is  the  current  cvolvoil  by  an  apparatus  of  this  ki 
that  on  connecting  the  two  conducting  wires  with  a  coan 
electrometer  (having  but  one  nee<llc  t»uspended  on  a  pivoc 
d(*viation  only  to  10^  or  12o  takes  place.  With  Nob 
( talvanometcr  (which  is  much  more  delicate),  a  deviatioo 
DQo  immediately  ensues.  After  this  api>aratus  had  bceo  I 
in  action  for  some  weeks,  chloride  of  zinc  was  found  id  i 
external  cylinder,  and  beautiful  crystals  of  metallic  copp 
fre<|uently  mixed  with  crystals  of  red  oxide  of  copper,  top^ 
with  largo  crystals  of  sulphate  of  soda,  were  found  adlicru 

*  Phil.  Tram.  Xttil,  |i.  141.  f  l^^i-  P*^ 
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p  the  copper  plate  in  the  soiaUcr  cylinder,  especiall;  od  that  Ch.  XVI. 
MirL  where  it  touched  the  plaster  diaphragm. 

[  It  has  been  already  observed  that  pure  water  is  a  very  bad  Effret  of 
loaduclor  of  electricity.  It  therefore  nets  imperfectly  as  an  diiiun 
Bectrolyte ;  but  it  has  been  lon^  known  that  the  addition  of 
■rtain  Bubetances  greatly  augments  its  conducting  power. 
Whia  is  the  case  with  sulphuric,  phosphoric,  osalic,  and  nitric 
1^8 ;  but  tartaric  and  citric  acids  give  but  little  power  to 
ntor.  Acetic  and  boracic  acid  produce  hardly  any  eiTuct. 
Rtninonia  produces  no  ell'ect,  but  its  carbonate  does.  The 
llpiistic  ftikalies  and  their  carbonates  produce  a  fair  eflect. 
Bolpbatc  nf  soda,  nitre,  and  many  soluble  salts,  produce  much 
■Sect.  Cyanodidi?  cf  mercury,  and  corrosive  sublimate,  pro- 
UK«  no  eflect ;  nor  docs  iodine,  gum,  or  sugar.  M.  de  la 
Bive  hiui  shown  tlinl  sulphurous  acid,  bromine,  and  iodine, 
pKoduce  a  considerable  effect  when  added  to  water,  though 
■ey  are  not  when  alone  subject  to,  or  a  conductor  of,  the 
nrers  of  a  Voltaic  battery.  The  chloride  of  arsenic  pro- 
■Bces  the  same  effect.    In  many  instances  the  added  substance 

■  Kcted  upon  cither  directly  or  indirectly,  but  this  ia  not  the 
p»e  in  alt." 

I  Faraday  has  shown  that  shell  lac  becomes  a  conductor  by 
HWorbing  ammonia,  or  muriatic  acid ;  yet  both  of  these  auW 
■ttnces  wlitle  gaseous  are  non-conductors.  So  is  a  strong 
■Dueous  solution  of  ammonia-i- 

I   It  is  very  remarkable  that  most  cloctrolytes  become  non- 
iosductors  when  they  assume  the  solid  atatc.     Metals,  on  the 
■nntrary,  continue  conductors  both  when  solid  and  liquid, 
f  It  may  be  worth  whilo  to  notice  here  some  of  the  secondary  Srtonim 
BBCOm positions   that  take  place  when   Voltaic  electricity  is  lion*. 
iudc  to  act  on  certain  liipiids. 

I  When  a  solution  of  suljibate  of  ammonia  and  ammonia  is 
peted  on,  azote  is  evolved  at  the  positive  pole,  and  hj/drogeti 
■tthfl  negative.  Hero  water  is  decomposed,  and  tlie  oxygen 
It  the  positive  pole  decomposes  ammonia,  setting  azotic  gas 
iee.$ 

■  *  Fsradsjr,  Phil.  Tmns  1636,  p.  01.     I  Ibid.       (  Hid.  Ifi34,  p.  65.       ^M 


480  ELBCTRICITT. 

P^rt  II.  \M)en  a  solution  of  acetate  of  potaah  is  employed,  hjdrofri 
is  evolved  at  the  negative  pole  by  the  decomposition  of  waU 
while  the  oxygen  at  the  positive  pole,  acting  on  acetic  aci 
produces  carbonic  acid,  carbonic  oxide,  and  carborftti 
hydrogen.* 

From  the  facts  stated  in  this  chapter,  it  appears  that  i 
the  electricity  evolved  in  the  Voltaic  battery  is  the  cobs 
quence  of  the  solution  of  the  zinc  in  the  acid  or  saline  soli 
tion  used ;  that  for  every  atom  of  water  (or  other  electroljt 
decomposed,  an  atom  of  zinc  must  be  dissolved  in  each  eel 
hence  it  is  evident,  that  a  battery,  however  large,  erolres  i 
more  electricity  than  what  is  given  out  by  a  single  pair  < 
plates  of  the  same  size  as  those  in  the  battery,  the  effect  < 
the  great  number  of  pairs  is  merely  to  increase  the  inten»ir 
Now,  as  a  certain  degree  of  intensity  is  requisite  to  dema 
pose  an  electrolyte,  it  happens  that  the  low  intensity  of  tl 
electricity  from  a  single  pair,  or  a  very  small  number  of  pair 
may  circulate  without  decomposing  the  electrolyte.  But  \ 
Faraday  found  that  a  single  {mir  of  plates  gives  a  spark  jn 
when  contact  is  restored.! 

Firrtririty  Whcn  clcctricity  passes  throusrh  perfectly  conducting  bodie 
futn  wire,  it  produccs  no  sensible  effect  upon  them.  Hut  if  we  diminii 
the  size  of  the  oondurting  body,  and  augment  the  quantity  < 
electricity  i«o  much,  that  «lifticulty  begins  to  Ik?  encounterw 
when  so  large  a  quantity  of  electricity  is  obliged  to  pi.* 
throu<j:h  so  small  a  body,  effects  bcirin  at  last  to  be  |H*m*ptihi4 
Suppose  the  conductiii^*  body  to  be  a  metallic  wire.  Th 
win»  bocouies  hot.  If  the  quantity  of  electricity  l>e  increaied 
or  the  dianietiT  of  the  wire  be  diminished,  it  Iteconir*  th 
hot.  If  the  rlcctricity  be  j»till  farther  increased,  the  ^vr 
melts  and  is  dl.^^ipated  in  smoke.  The  wire  is  heatetl  fijiuli; 
over  its  whole  length,  unless  its  extremity  ia  attacheil  to  i 
bettor  conductor,  in  which  ea:*e  it  is  colder,  or  to  a  wof* 
conductor,  in  which  case  it  i.^*  hotter  than  the  other  parti. 
If  a  irivcn  current  of  electricitv  heats  a  win*  a  certain  »*« 

m 

her  (»f  clegrees,  twice  the  current  will   protluco  doubM  tl 
•  Foraiiay,  Phil.  Traii!«.  lHa4.  p.  M.         t  Phil.  Tnn».  1*54,  p.  «<* 
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effect,  thrice  the  current  triple  the  effect,  and  so  on.  For  exam-  Ch.  xvi. 
pie,  let  US  suppose  a  current  which  moves  the  Galvanometer 
IQo,  to  raise  the  temperature  of  a  wire  10^,  another  current 
which  causes  a  deviation  in  the  Galvanometer  amounting  to 
20%  will  heat  the  wire  20<',  and  so  on.  From  this  it  is  easy  to 
see  that  it  is  the  quantity  of  electricity /mx^^iii^  through  a  wire, 
and  not  the  quantity  stopped  that  raises  its  temperature. 

It  has  been  ascertained  by  experiments  which  appear  satis- 
factory, that  the  ratio  of  the  current  to  the  temperature  is  as 
2:3;  that  is  to  say,  if  the  current  be  doubled,  or  the  section 
of  the  wire  reduced  to  one  half,  the  augmentation  of  tem- 
perature is  tripled. 

When  negative  electricity  passes  from  a  better  conductor 
to  a  worse,  the  temperature  rises ;  when  positive  electricity 
passes  from  a  better  conductor  to  a  worse,  the  temperature 
sinks.  Thus,  when  negative  electricity  passed  from  zinc  to 
irony  the  temperature  rose  30^;  when  positive  electricity 
passed  from  zinc  to  iron  the  temperature  fell  13^.  It  would 
^ipear  from  this,  that  some  currents  instead  of  evolving  heat, 
occasion  cold** 

The  very  same  effects  are  produced  upon  wires,  by  Voltaic 

deetricity,  and  common  electricity ;  and  in  producing  these 

efiects,  Uie  power  of  the  Voltaic  battery  depends,  not  upon 

the  number  of  pairs  of  plates,  but  upon  the  extent  of  surface. 

8o  that  a  single  pair,  supposing  the  surface  equally  great, 

iriU  be  capable  of  igniting  as  much  wire,  as  any  number  of 

fttn  of  plates,  constituting  altogether  no  greater  extent  of 

Waebce  than  the  single  pair.     The  reason  is  evident.     The 

Aet  upon  the  wire  must  depend  upon  the  absolute  quantity 

rf  deetricity  that  passes  through  it  in  a  given  time.     The 

■tainty  of  the  electricity  accumulated  in  a  single  pair  of 

flite,  of  however  large  dimensions,  is  so  small  that  it  will 

^  give  sensible  shocks,  and  will  scarcely   pass  through 

ifuds;  yet  its  absolute  quantity  is  as  great  as  that  which 

••eeuinulated  in  200  pairs  of  plates:  hence,  when  it  passes 

v^n^h  a  wire,  it  will  exhibit  as  great  an  effect  upon  that 


4 


•  Peltier,  Ann.  de  Chim.  ct  de  Pbys.  Ivi.  371. 

o  « 


tor. 
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Part  II.    wire,  as  would  be  produced  by  a  battery  composed  of  200 
pairs  of  plates. 
Caiorimo-       Dr  Hare,  of  Philadelphia,  has  constructed  an  apparatus 
which  he  calls  caJorimotor.     It  consists  of  a  number  of  platei 
of  zinc,  and  as  many  of  copper,  about  18  inches  square  eadu 
The  copper  plates  are  all  placed  in  contact  with  each  other, 
by  means  of  ribbons  of  metal  soldered  to  them.     The  same  ii 
the  case  with  the  zinc  plates.     These  plates  are  placed  alter- 
nately at  a  small  distance  from  each  other  in  a  frame.     Whet 
plunged  into  a  conducting  liquid,  they  constitute,  in  fact,  only 
a  single  pair  of  zinc  and  copper  plates  of  enormous  dimen* 
sions.    When  the  zinc  is  brought  into  contact  with  the  copper, 
by  means  of  a  platinum  wire,  of  very  considerable  size,  it  pro- 
duces the  ignition  of  that  wire,  for  a  length  of  about  tw« 
inches,  and  keeps  it  ignited  as  long  as  the  apparatus  retaini 
its  activity.     Yet  this  apparatus,  though  so  powerful  in  igni^' 
ing  wire,  gives  no  shocks,  and  produces  no  sensible  chemieil 
effect  whatever.     These  facts  have  led  Dr  Hare  to  suppoii^ 
that  the  Voltaic  battery  produces  two  distinct  and  unooa- 
nected  effects ;  namely,  the  evolution  of  electricUy^  which,  ii 
his  opinion,  occasions  the  shocks  and  the  chemical  decompoii- 
tions,  and  which  depends  on  the  number  of  pairs  of  platdi 
and  the  evolution  of  heat^  which  occasions  the   ignition  of 
metallic  wires,  and  is  proportional  to  the  extent  of  surface  ii 
action.     But  the  considerations  stated  above,  afford  a  satii- 
factory  explanation  of  the  effects  of  this  apparatus,  withoot 
any  necessity  to  have  recourse  to  the  notion,  that  a  current 
of  heat  passes  through  the  Voltaic  battery,  as  well  as  a  00^ 
renf  of  electricity.    The  chemical  effects  produced  by  electri- 
city must,  of  necessity,  depend  upon  its  intensity;  but  tlN 
property  which  it  has  of  igniting  metals  must  depend  upon  iti 
absolute  quantity.     In  the  calorimotor  the  intensity  b  a  mini- 
mum ;  being  only  that  produced  by  a  single  pair  of  platei  t 
but  the  absolute  quantity  may  be  as  great  as  we  please,  tf  *^ 
depends  upon  the  extent  of  the  surface  of  the  two  plite^ 
opposite  to  each  other. 

We  shall  terminate  this  chapter  with  an  account  of  sevcnl 
pieces  of  apparatus  indispensable  to  Voltaic  investigatioDs:-' 


THE  VOLTAIC  PILE.  488 

1*  Voltameter. — This  is  a  glass  tube,  shut  at  one  end  and  Ch.  xvr. 
open  at  the  other.     Through  the  shut  end  passes  a  platinum  Voitame- 
wire,  which  terminates  in  a  small  platinum  plate.     This  tube  ^r- 
is  filled  with  a  solution  of  dilute  sulphuric  acid ;  and  another 
plate  of  platinum  attached  to  a  wire  being  introduced  into 
the  bottom  of  the  tube,  the  two  wires  are  connected  with  the 
battery  so  as  to  bring  the  tube  into  the  circuit.     The  water 
is  decomposed,  and  the  two  gases  collected,  and  the  quantity 
of  gas  eyolved  in  a  given  time  measures  the  powers  of  the 
battery  at  the  time. 

2*  Electra-miUtiplier, — This  very  important  instrument  was  Electro, 
first  suggested  by  Professor  Schweigger  soon  after  the  dis-  "*"***'**•'• 
covery  of  the  connexion  of  electricity  and  magnetism.  It 
consisted  originally  of  a  magnetic  needle  suspended  on  a 
pivot,  round  which,  but  at  a  little  distance  from  the  needle  so 
aa  not  to  touch  it,  was  wrapt  a  number  of  coils  of  copper  wire, 
covered  with  silk  thread,  so  as  to  prevent  contact.  When 
the  Voltaic  electricity  was  made  to  pass  through  this  wire,  the 
needle  deviated  to  the  right  or  the  left  according  to  the  direc- 
tion of  the  current,  and  by  this  deviation  marked  the  direc- 
&m ;  while  the  amount  of  deviation  indicated  the  intensity, 
(NT  at  least  the  quantity  of  electricity  which  passed.  Thisi 
ample  instrument  was  gradually  improved  upon*  Its  sensi- 
bility depends  upon  the  number  of  revolutions  which  the 
copper  wire  makes  round  the  needle*  When  these  coils  are 
imnerous,  it  becomes  sensibly  affected  by  a  very  feeble  electric 
corrent :  hence  the  reason  why  it  is  called  a  multiplier.  The 
ienmbility  also  increases  with  the  delicacy  of  the  suspension 
«(  die  needle :  hence  it  is  occasionally  suspended  by  a  single 
fire  of  raw  silk.  If  the  magnetic  action  of  the  earth  upon 
fte  needle  be  neutralized,  by  suspending  two  needles  in  con- 
tet  with  each  other,  the  north  pole  of  the  one  being  turned 
H  the  same  direction  as  the  south  pole  of  the  other,  the  sen- 
AQity  is  considerably  increased.  The  number  of  coils,  and 
^  ue  of  the  copper  wire,  vary  according  to  the  purpose  to 
"luch  it  is  applied.  Sometimes  the  wire  is  very  long,  and  of 
^very  small  diameter ;  sometimes  it  is  short,  and  of  a  diame- 
•  of  0*039  inch,  or  at  least  of  half  that  size.     Becquerel 
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FhHI^ distinguishes  these  two  rBricties  by  calling  tlie  fint  a  mM- 
plicr  with  a  hng  wire,  and  the  other  a  multiplier  with  •  tiert 
vire.  Nobili  was  the  contriver  of  the  double  needle  I* 
remove  the  influence  of  the  magnetism  of  the  earth.  V« 
shall  here  give  the  description  and  figures  of  two  1 
from  M.  Becquercl.* 
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Dimetuiimt  of  the  wooden/rame  nmnd  which  Ike  eeffa 

wire  M  coHaL 
Fig.  I.     Plane.     Hrcadth,  a  fr 3  1-063  incbn;  k*^ 
6  c  =  I 'B/ft  ini-hes ;  opening,  o  o  =  0*2  inch. 

Fig.  2.     .S<-ction  iti  tlic  dircrtion  of  m  a  =  0-393  iach. 
Fig.  3.     HlvvfttioD.  /  /  =  0'157  inch. 

■  Tiuit^  do  t'£lectricii6,  u.  )«, 
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B  The  magnetic  needles,  fig.  4,  are  two  commoQ  sewing  Ch.  XVI. 
Beedles,  1*42  inch  in  length,  and  magnetized  to  saturation. 
Brhey  are  jilaced  parallel  to  one  anothur  at  the  distance  of 
Hr6  inch  from  each  of  the  extremities  of  two  copper  wires, 
Hwisted  the  one  upon  the  other,  that  tbcy  may  be  deranged 
Hrlien  necessary.  The  needles  are  siispeDded  by  a  fibre  of 
Brw  aitk  3'94  inches  long. 

B  Whatever  precautions  be  taken,  an  appreciable  directing 
Horce  still  remains ;  but  it  does  not  hinder  the  apparatus  from 
Buving  a  great  deal  of  sensibility.  When  this  directing  force 
Hk  too  great,  it  may  bo  diminished  by  a  contrivance  suggested 
fby  M.  Nobili : — That  one  of  the  four  poles  of  the  two  needles 
liriiich  has  the  greatest  quantity  of  magnetism  is  ascertained, 
B^  part  of  its  magnetism  is  removed  by  rubbing  it  gently  with 
iBw  opposite  pole  of  a  weak  magnet ;  and  this  is  continued 
^Ul  the  system  leaves  the  magnetic  meridian)  and  approaches 
^ft  B  direction  perpendicular  to  it ;  the  system  is  then  made  to 
^Hdllate,  and  we  judge  from  the  number  of  oscillations  in  a 
^M%a  time  if  the  magnetism  of  the  earth  be  suificiently  dimin- 
HBod.  It  may  be  laid  down  as  a  general  rule,  that  just  the 
Jprecting  force  should  be  left,  which  is  sufficient  to  causo 
^pe  system  to  remain  in  a  fixed  position,  in  order  that  it  may 
Bhto  that  position  by  the  action  of  a  very  feeble  electric  cur- 
■Mat.  The  whole  sensibility  of  the  apparatus  depends  upon 
H|us.  The  frame  should  be  placed  upon  a  moveable  support 
H^lt  wo  may  be  able  to  give  the  needle  every  possible  posi- 
Hjpn*  We  gain  this  object  by  placing  it  on  a  brass  cylinder 
Be^  (6g.  5,)  which  turns  on  its  axis  by  means  of  a  wheel 
^pid  pinion  represented  in  the  figure.  l)y  turning  the  but- 
HlMi  b  6,  wo  cause  the  galvanometer  to  assume  all  the  posi- 
^ptKia  wanted.  The  apparatus  is  placed  upon  a  smalt  table. 
^ffhe  raw  silk  fibre  is  suspended  from  a  rod  1 1,  which  can  be 
Hj^^usted  at  pleasure.  The  instrument  is  covered  by  a  glass 
Hb  screen  it  from  the  action  of  the  air. 

■  Multiplier  with  nhort  wire,  or  thcrmo-multiplier.     Dimen- 
H|«u  of  frame: — Fig.  I.    Plane;  breath  a  h=  1-97  inch; 
^blgth,  &  c=  1*97  inch;  opening,  o  o  =  0-315  inch.     Fig.  2.     _ 
Hnction  according  to  m  n  =:  0*63  inch.     Fig.  3.  Elevation,    ■ 
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P>»«^  n.  //  =  0'1575  inch.  Diameter  of  copper  wire  corered  witk 
silk,  0*26  inch.  It  mokes  thirty  turns  round  the  gmlraiio- 
meter.  The  magnetic  needles  arc  1*8  inch  long,  and  are 
placed  as  in  the  preceding  GaWanometer. 

Instead  of  two  needles,  four  may  be  employed,  which  are 
placed  in  the  same  way  parallel  to  each  other.  The  needfef 
in  the  middle  have  their  poles  of  the  same  name  pointing  the 
same  way.  The  two  extreme  needles,  also,  bare  tbeir  poki 
of  the  same  name  directed  towards  the  same  point,  but  turned 
the  opposite  way  from  the  two  central  needles. 

The  frame  ought  to  have  an  opening  at  o  o  (6g.  2.)  to 
allow  the  four  needles  to  pass.  The  two  middle  needles  atv 
placed  in  the  interior,  and  the  two  extreme  needles,  tbe  ooe 
within  and  the  other  without,  llecquerel  has  employed  thk 
contrivance  advantageously,  but  the  construction  requirei 
more  care  than  when  two  needles  only  are  used. 

All  that  is  observed  when  these  multipliers  are  used,  b  the 
number  of  degrees  which  the  needle  deviates  from  its  oriffiasi 
position ;  but  the  relation  between  these  deviations  and  tkt 
intensity  of  the  electrical  currents  differs  according  to  tk 
construction  of  the  multiplier.     The  law  of  the  intenstj  if 
very  complicated,  and  could  not  be  understood  without  fnt«r- 
ing  into  mathematical  details  not  suited  to  this  work.    The 
reader  will  6nd  an  account  of  various  methods  of  dcduciif 
the  intensity  from  the  deviations,  in  BecquereFs  TMM  dr 
r Electricitt'y  (ii.  20,)  to  which  the  reader  is  referred. 


CHAPTER    XVII. 

C)  r    K  L  E  C  T  R  O-  M  A  G  N  E  T  I  S  M. 


In  this  chapter  I  shall  ^^ive  ait  concise  an  account  as  fOttS^ 
of  the  recently  discovered  facts  which  have  shown  the  «kp» 
dcncy  of  magnetism  on  electricity,  because  ibey  are 
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to  complete  the  sketch  which  I  proposed  to  give  of  the  pre-  Ch.xvii. 
sent  state  of  the  science  of  electricity. 


SECTION  I. — SKETCH  OF  THE  PHENOMENA  OF  MAGNETISM. 

The  term  maffnet  or  loadstone  is  usually  applied  to  au  ore  Magnet 
of  iron  composed  of  two  atoms  of  peroxide,  and  one  atom  of  ^^^ 
protoxide  of  iron.  This  ore  has  the  colour  of  iron,  the 
metallic  lustre,  a  specific  gravity  of  about  6,  and  it  crystallizes 
in  octahedrons.  It  is  usually  called  magnetic  iron  ore  by 
mineralogists.  This  ore  has  usually  the  property  of  attract- 
ing iron  filings  to  itself.  Pieces  of  it  that  have  lain  in  the 
earth  in  a  particular  direction,  are  found  endowed  with  two 
or  more  pdes^  which  alternately  attract  and  repel  the  poles  of 
a  magnetic  needle.  It  is  to  such  pieces  that  the  name  of 
magnet  is  applied.* 

If  a  loadstone,  possessed  of  two  poles,  be  drawn  along  a  bar  ^^^^ 
of  steel  two  or  three  times,  always  in  the  same  direction,  the 
steel  bar  will  become  a  magnet.  Or  if  we  place  a  bar  of  steel 
in  a  direction  parallel  to  the  axis  of  the  earth,  or  rather  par- 
allel to  the  dip  of  the  needle,  and  strike  it  smartly  while  in 
that  position,  for  some  time ;  it  will  acquire  magnetic  proper- 
ties. These  properties  may  be  communicated  to  other  bars, 
and  the  magnetic  virtue  in  each  may  be  increased  by  methods 
described  by  all  writers  on  magnetism,  and  therefore  generally 
known. 

1.  If  a  steel  bar,  or  a  steel  wire  thus  converted  into  a  mag-  Poiei. 
net,  be  suspended  by  the  middle  by  a  slender  string,  or  sup- 
ported on  a  pivot,  on  which  it  can  turn  easily,  one  end  of  it 
will  always  point  towards  the  norths  and  the  other  end  towards 

*  It  was  called  by  the  Greeks  tutynit^  futymrn,  and  fimymnt,  according 
to  somt,  from  the  name  of  a  shepherd^  who  first  discovered  it  on  mount 
Ida.  Theophrastus  docs  not  notice  it  in  his  treatise  w^^t  Xti^w ;  but  it  is 
mentioned  by  Aristotle,  and  probably  other  Greek  writers.  Pliny  treats 
of  it  under  the  name  of  maffnet^  and  gives  an  account  of  its  property  of 
attracting  iron.  Its  polarity  was  unknown  to  the  ancients,  nor  b  it  known 
by  whom  it  was  discovered.  It  was  certainly  known  in  the  12th,  or  be- 
ginning of  the  13th  century.  ^  The  mariner's  compan  was  introduced  by 
Fhvio  Gioia,  or  Giri,  of  Melpbi,  in  the  year  1803. 
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Fat  II.  the  south.  If  we  mako  it  deviate  from  this  poutioOy  it  will 
oscillate  for  Bome  time,  and  at  last  settle  in  the  same  poaitioo 
as  at  first.  That  extremity  of  the  bar  or  wire  which  points  to 
the  northj  is  called  the  north  pole  of  the  magnet,  and  the  other 
extremity  which  ])oints  to  the  south,  is  called  the  mmik  pok. 
ortb«  2.  If  we  ])re8ent  the  north  pole  of  one  magnet  to  the  nortli 

rwi,  of  pole  of  another  magnet,  both  capable  of  moving  freely  upon 
ifMi.  their  axes,  they  rq^el  each  other.  In  like  manner  the  tvo 
south  poles  repel  each  other.  But  the  north  pole  of  one  mag- 
net aiiracU  the  south  pole  of  another,  and  vice  versa.  Cou- 
lomb demonstrated  that  these  attractions  and  repulsions  varr 
inrersely  as  the  square  of  the  distance.* 

3.  If  we  determine  the  direction  of  a  magnetic  needle,  pro> 
pcrly  suspended,  and  at  liberty  to  move,  we  shall  find,  ii 
general,  that  it  does  not  point  due  north,  but  either  to  the 
west  or  east  of  north.  The  exact  point  of  the  compasi  ta 
which  it  points,  varies  in  different  parts  of  the  earth.  For 
instance,  if  we  sail  from  the  Straits  of  Gibraltar  to  the  Wot 
Indies,  in  proportion  as  we  recede  from  Europe  and  approach 
America,  the  compass  will  point  nearer  and  nearer  due  nortli; 
and  when  we  come  to  a  certain  part  of  the  Gulf  of  MexicOi  it 
will  point  exactly  north.  But  if  we  sail  from  Great  Britain  to 
the  southern  coast  of  Greenland,  we  shall  find  the  ncedk 
deviate  farther  and  farther  from  the  north  as  we  approtcb 
Greenland,  where  the  deviation  will  not  be  less  than  45^  or 
50^  west  from  north. 
DecUnA-  Even  if  we  examine  a  compass  stationed  in  the  same  piscc 
It  Will  not  always  continue  to  point  exactly  m  tue  same  oircr* 
tii)n.  Suppose,  when  we  first  biggin  to  make  our  ubsorvatiooi» 
it  were  to  point  due  north,  after  a  certain  number  of  years  u 
we  a;^ain  olisorve  the  direction,  we  shall  find  it  to  point  Mvcfv 
ilofjrroes  west  or  cast  from  north.  This  change  in  the  directi** 
of  the  r<)in|>ass  in  the  same  place  is  called  the  rariatstm  ^ 
tlcrlinatiim.  Avvardius  to  l)r  Ilallev,  it  was  discovered  ^ 
(iellilirand  in  Hi45 ;  and  according  to  Ik)nd,  it  mss  it^ 
noticcil  by  Mr  John  Mair.    The  following  little  tabic  will  ibP^ 

*  Mem.  IWb,  17H5,  p.  i87. 
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variation  of  the  compass  at  London  from  the  time  that  it  Ch.  xvil. 
first  observed,  or  at  least  recorded : — 


Yean. 

1580 
1622 
1634 

1657 
1672 
1682 
1692 
1722 

1747 

1774 
1786 
1790 
1796 
1800 

1809 
1814 
1815 
1816 
1817 
1818 

1819 
1820 
1821 
1822 
1823 


VarUUona. 

ll'*  15'     0"  East 


6 
4 
0 
2 
4 
6 
14 

17 
21 
23 
23 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 


0 

5 

0 
30 
30 

0 
20 
40 
16 
17 
39 

0 

3-6 
11 
21 
17 
17 
17 
15 
14 
11 
11 

9 

9 


0  

0  

0 

0  West 

0  

0  

0  

0  

0  

0  

0  

0  

0  

0  

10  

5  

54  

0  

43  

47  

44  

18  

55  

48  


Otnenren. 

Barrows. 

Gunter. 

Grellibrand. 

Bond. 

HaUej. 


Halley. 

Graham. 

Graham. 

Cavandish. 

Gilpin. 

Gilpin. 

Gilpin. 

Gilpin. 

Gilpin. 

Lee. 

Lee. 

Lee. 

Lee. 

Lee. 

•L^ee. 

Lee. 

Lee. 

Lee. 

Lee. 


Ve  see  from  this  table  that  it  reached  its  greatest  western 
iation  in  1814,  or  157  years  after  the  needle  was  observed 
^nd  to  point  due  north.  Since  1814,  it  has  been  moving 
^ly  eastward ;  and  if  it  take  as  many  years  to  return  as  it 
to  proceed  westward,  it  will  reach  the  point  of  no  deviation 
^e  year  1971.  Should  it  go  as  far  to  the  eastward  as  it  did 
tward,  and  take  as  long  a  time,  it  will  reach  the  eastern- 
t  declination  in  the  year  2128.  The  total  arc  of  declina- 
will  be  48o  35'  48",  and  the  period  occupied  in  passing 
r  the  whole  of  it  will  be  314  years.  This  would  be  an 
Nation  in  the  variation  amounting  at  an  average  to  9'  17'' 
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F«t  II.    annually.     But  it  is  much  smaller  than  this  towards  its 

em  and  eastern  limits,  while  it  is  much  more  tmfid  whcs 
it  deviates  but  little  from  due  north.  Thus  during  the  oiac 
years  that  elapsed  between  1814  and  1823,  the  progress  east- 
wards  is  only  1 V  2%'  or  only  V  r''6  annuaDy.  While  frosi 
1657  to  1672,  the  declination  west  amounted  to  2^  SIT,  or  lOr 
annually.  Between  1672  and  1682,  the  increase  amoanted  to 
2^,  or  1 7!  annually.  It  was  the  same  nearly  between  1682  aad 
1692.  Between  1692  and  1722,  the  ayerage  annual  increaie 
of  declination  was  16'  40''.  This  was  the  maximun.  Aha 
the  year  1722,  the  rate  diminished  very  rapidly.  It  seens  to 
have  reached  half  way,  or  about  12^  of  western  decUnatioi 
about  the  year  1714,  or  in  57  years.  To  complete  the  oUmt 
half  100  years  were  required.  These  circumstances  render 
it  impracticable  to  calculate  the  length  of  the  period  of  the 
variation  from  any  data  in  our  possession.* 

EmCk  Km  The  first  person  who  attempted  to  account  for  the  declinft- 
^  tion  of  the  needle,  was  Dr  Halley.  He  considered  the  globe 
of  the  earth  as  constituting  one  great  magnet,  baTing  km 
poles,  two  to  the  north  and  two  to  the  south,  at  ccmskkraUe 
and  unequal  distances  from  the  poles  of  the  earth.  T«o  of 
these  poles  (one  to  the  north,  the  other  to  the  south. )  are  fixed. 
The  other  two  are  moveable.  And  to  account  for  the  motitiB 
of  these  last,  he  considers  them  as  the  poles  of  an  interval 
globe  concentric  with  that  of  the  earth,  and  not  moving  «itfc 
the  same  velocity  round  its  axis  ;  so  that  its  poles  gradually  (ill 
behind  those  of  the  external  globe,  t  Tliis  subject  baiheco 
investigated  with  much  ingenuity  by  Professor  Hanirtees,  d 
Christiania,  who  has  had  the  advantage  of  another  ccotory* 
and  a  prodigious  nunilnT  of  new  observations.  He  has  adoptei 
the  Ilalleyan  hyiK)thesiis  that  the  earth  is  a  magnet  with  fetf 
poles,  two  north  and  two  south.  One  of  the  north  poles  svi 
one  i»f  the  south  are  much  weaker  than  the  other  two.  TV 
action  of  the:»e  poles  on  each  other  occasions  a  slow  change  is 
their  position,  which  is  followed  of  necessity  by  a  cbaoge  i> 
the  declination  of  the  neodle.     Hansteen  calculates  that  tbr»c 

•  Wc  lit>c  inwrttd  lUiiMi-on'i  chart  of  lli*  dip  o|i(Hi«itc  to  |4fc  4i^- 
f  IU11«}' ;  Mix:t*lunca  l*urcof«»  vol.  i.  pp.  tS7.  4 A. 
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e  revoWe  round  the  pole  of  the  rartli,  the  one  in  IT40  and  Ch.  XVII. 
in  860  yeara. 
'  The  strongcet  north  pole  has  been  determined  by  Captnin 
s  to  be  situated  in  north  latitude  70°  5'  1 7",  and  weat  longi- 

e  96°  46'  45"  near  the  southern  extremity  of  Prince  Regent's 
,  a  gulf  running  south  from  Barrow's  Straits.* 
B  weakest  north  pole  Haosteen  considers  aa  situated  in 

a  latitude  85°  12',  and  east  longitude  140°  6'.     This  is  in 

the  Arctic  Sea,  to  the  cast  of  Nova  Zemblu,  and  not  quite  5 
degrees  from  the  terrestrial  pole.  But  Hansteen  not  conai- 
dfring  the  position  of  this  pole  aa  determined  with  sufficient 
accuracy,  made  a  journey  to  Siberia  in  order  to  settle  it 
from  a  sufHcicnt  number  of  actual  observations  on  the  declina- 
tion and  dip  of  the  needle,  in  different  stations  on  the  northern 
shores  of  Europe  and  Asia. 

The  strongest  south  pole,  according  to  Hansteen,  is  situated 
in  south  latitude  68°  02',  and  cast  longitude  132°  35',  not  far 
from  the  meridian  of  Van  Dieman'B  Land,  though  greatly  to 
the  south. 

The  weakest  south  pole  is  in  south  latitude  78"  16',  and 
>M.'st  longitude  135"  59'.  It  lies  in  the  great  SoutJi  Sea, 
'linost  as  far  to  the  wet^t  of  Cape  Horn  as  that  promontory  is 
west  from  London,  and  greatly  vrithin  the  polar  circle,  being 
less  than  12  degrees  from  the  south  pole.  These  positions 
of  the  magnetic  poles  of  the  earth  differ  a  good  deal  from  those 
assigned  by  Halley,  and  are  certainly  much  nearer  the  truth. 
Hansteen  was  enabled  to  attain  this  approximation  to  accuracy 
by  the  vast  number  of  magnetical  observations  that  have  been 
made  in  all  parts  of  the  world  during  the  latter  part  of  the 
lost  century,  and  the  portion  of  the  present  which  has  elapsed, 
chiefly  hy  Captain  Cook  and  the  other  commanders  of  the 
Tiuinerons  voyages  of  discovery,  which  have  been  sent  out  at 
dJiTcrent  limes  by  the  British  government. 

4.  In  the  year  1722,  Mr  Graham  discovered  that  the  mxg-  Dilljr  nrU 
nelic  needle  bos  a  daily  variation.     Mr  Canton  made  a  few 
observations  on  this  daily  variation,  and  gave  the  following  as 


*  Phil.  Tran«.  ISM,  p.  47- 
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January 

r 

8 

Febniarj 

8 

58 

March 

11 

17 

April 

12 

2G 

Maj 

13 

0 

Juno 

13 

21 

17 

ir 

12 

19 

11 

43 

10 

36 

8 

9 

6 

56 
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Part  II.  the  mean  monthly  daily  rariations  at  London  for  the 

1769  :— 

July 

August 

September 

October 

Norember 

December 

But  the  most  complete  set  of  observations  on  t)io  daily  varia- 
tion  of  the  needle  was  made  by  Colonel  Beaufoy.  He  ob» 
served  three  times  a-day,  about  half-past  eight  in  the  moniii^, 
at  noon,  and  about  seven  in  the  evening,  and  he  continnad  hit 
observations  for  several  years  without  interruption**  TV 
declination  was  always  least  in  the  morning,  and  greatctl  at 
noon.  The  mean  of  observations  kept  by  him  for  2  years  ud 
G  months,  give  the  declination  as  follows : — 

Morning    .         .         24*^     14*      39* 
Noon  24      21       64 

Evening     .  24       IG         4*6 

From  Canton's  observations,  it  would  appear  that  the  decE- 
nation  increases  with  the  heat  of  the  weather ;  but  Cokad 
Beaufoy  did  not  find  this  rule  to  hold  in  his  observations. 

More  lately  the  subject  has  been  taken  up  by  Mr  Bsrio* 
and  Mr  Christie,  who  have  published  important  observatiooi 
on  the  diurnal  variation  of  the  needle  in  the  Pkikmfhkd 
Transactions.     They  observe  that  the  needle  begins  to  dfclin^ 
to  the  ea^t  early  in  the  morninf;,  and  obtains  its  greatest  devia^ 
tion  eastwards  about  seven  in  the  morning.     The  needle  tbc0 
begins  to  move  westwards  to  alniut  half-past  ten  o'clock,  wh^a 
the  diurnal  variations  are  zero.     The  needle  now  begins  l^ 
decline  westwards,  and  continues  to  do  so  till  about  half-paii 
one,  or  two  o'clock,  when  it  lias  reached  its  maximum,    b 
then  lM*gins  to  diuiiuiih,  the  needle  again  moving  eastwanL 

•  Tlit'M*  valuable*  oWrvations  will  be  found  in  the  Ammaig  of  Pkiktfh 
(Ut  tcrics),  U^^inniiig  at  yuI.  ii.»  and  continuing  till  the  end  of  mL  vi 
They  wtTo  af^aiu  rciunuHl  in  vul.  ii.  p.  390,  and  conttnocd  till  «oL  iv^ 
includint;  a  tcries  of  thft*«.-  yt-an  and  nine  montha.  In  the  AmmaU  ofPhi^ 
iophy  (new  fcrien),  i.  IM,  will  be  found  a  sammsry  of  all  hii 
drawn  up  by  Colooel  Beaufoy  hinuclf. 
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or 
nailoii. 


At  about  5  o'clock  the  deviation  again  vanishesi  and  the  needle    Ch.  xvii- 
points  again  to  the  magnetic  north.    It  continues  to  move  east 
till  late  in  the  eyening.* 

5.  K  a  steel  wire,  supported  horizontally  upon  its  centre  of  JDIp 
gravity,  be  converted  into  a  magnet,  it  will  no  longer  remain 
horizontal.  The  north  pole  dips  down  towards  the  earth, 
while  the  south  pole  is  elevated.  This  is  called  the  dip  or 
mctinatian  of  the  magnetic  needle.  It  was  first  observed  by 
Robert  Norman,  in  1576.  He  constructed  an  instrument  to 
measure  the  angle  which  such  a  needle  made  with  a  supposed 
horizontal  needle,  and  he  states  it  for  London  at  71^  50'.  If 
we  carry  such  a  needle  south  towards  the  equator,  we  observe 

*  The  following  table  exhibits  the  mean  monthly  Tariation  of  the  compass^ 
firom  April  1817>  to  March  1819,  as  determined  by  Ck>lonel  Beaufoy : — 


nmn  April,  1817. 
to  lUrcii,  1810. 

Yoin  1817  and! 

1818,  wnterly 

varUtion. 

Tean  1818  and 

1819,  weatcrly 

rarlatkm. 

Differ,  in 

oioraing, 

noon,  and 

evening. 

DifRo-. 

enoain 

1817  and 

1818. 

Differ. 

encein 

1818  and 

1819. 

Meaner 
the  two. 

• 

1 

r  Morning 

240  81' 

62" 

240  3V 

06" 

»  —  m 

18' 

51" 

lO' 

44" 

11'  46/' 

AprQ  ^ 

Noon 

—    44 

48 

_ 

44 

50 

«  — e 

6 

45 

8 

14 

8    30 

lErenlng 

_    85 

68 

— . 

86 

36 

e  —  M 

4 

6 

8 

80 

8    18 

f  Morning 

—  ss 

90 

_ 

36 

18 

»  -i— IN 

10 

15 

9 

81 

9    63 

Mbj    m 

Noon 

—    42 

85 

_ 

45 

49 

«  — e 

7 

60 

7 

14 

7    88 

I  Evening 

~    84 

45 

_ 

88 

85 

e  — m 

2 

85 

2 

17 

8    81 

r  Morning 

~    SI 

09 

— 

88 

47 

»  — m 

11 

5 

11 

24 

11     15 

JiUM     . 

J  Noon 

—    42 

14 

_ 

45 

11 

w  —  e 

8 

9 

7 

31 

7    50 

iETtoing 

~    84 

05 

_ 

87 

40 

e  — m 

8 

56 

8 

53 

3    85 

r  Morning 

—    81 

14 

_ 

84 

84 

n  —  m 

10 

62 

10 

35 

10    43 

aiij  . 

c  Noon 

—    42 

06 

«. 

44 

59 

n  — e 

6 

88 

6 

46 

6    84 

(.Evening 

—    86 

48 

«. 

38 

14 

e  -»  m 

4 

89 

8 

60 

4      9 

r  Morning 

~    81 

16 

_ 

84 

40 

»-»« 

11 

85 

11 

18 

11    86 

•Af.   . 

iKoon 

—    4S 

46 

_ 

45 

58 

•  ^  e 

9 

6 

8 

8 

8    84 

(  Evening 

—    SS 

45 

.. 

87 

60 

e  —  m 

8 

89 

3 

10 

8    52 

C  Morning 

—    83 

OS 

_ 

84 

24 

•  —  in 

8 

34 

10 

68 

9    44 

«<yt   . 

{Noon 

—    41 

86 

_ 

45 

88 

«  — e 

6 

58 

7 

54 

7    86 

h 

i  Evening 

—    84 

88 

_ 

87 

88 

e  —  m 

1 

86 

8 

59 

8    18 

o*.  . 

f  Morning 

—    81 

06 

— 

35 

36 

»  — « 

9 

40 

7 

62 

8    46 

1  Noon 

—    40 

46 

_ 

45 

88 

lltf.  . 

r  Morning 

—    81 

49 

— 

88 

84 

n  — m 

6 

6 

8 

17 

7    10 

1  Noon 

—    87 

55 

_ 

41 

41 

Dm.   . 

'Morning 

—    84 

OS 

— 

87 

04 

n  — » 

3 

59 

4 

16 

4    07 

Noon 

—    88 

02 

_ 

41 

80 

Jaa.    . 

Morning 

—    84 

08 

— 

85 

48 

»-»» 

5 

55 

4 

12 

5    08 

1  Noon 

—    89 

67 

m^m 

39 

54 

FtK    . 

'Morning 

—    84 

82 

— . 

84 

17 

n~» 

6 

29 

5 

88 

6    08 

Noon 

—    40 

51 

«. 

39 

55 

f  Morning 

—    33 

IS 

«. 

88 

18 

n~» 

8 

19 

8 

84 

8    82 

Hnth. 

{Noon 

—    41 

87 

«» 

41 

48 

n^e 

7 

60 

6 

85 

7    07 

(Evening 

—    88 

47 

— 

85 

17 

e  — m 

0 

89 

1 

69 

1     16 

Mr  Barlow  has  given  a  ymy  ingenious  and  plaonble  explanation  of  the 
daily  Tariation,  by  supposing  the  sun  to  possess  a  certain  magnetic  action 
M  the  needle.    See  his  E$$ay  on  Ma^mUk  AUraetiotu,  p.  96. 
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Part  it  that  the  dip  dimiDishes  in  proportion  with  the  dioiioiitkNi  of 
latitude ;  till  at  last,  at  a  certain  point  of  the  earth**  warbm, 
constituting  the  magnetic  equator,  the  needle  has  no  dip  at  all* 
but  stands  perfectly  horizontal.  When  we  past  this  equator. 
the  dip  begins  again  to  make  its  appearance ;  but  it  is  the 
south  pole  which  is  now  sunk  towards  the  earth,  while  the 
north  pole  is  elevated,  and  the  dip  of  the  south  pole  ii 
as  the  latitude  increases. 

To  understand  the  reason  of  this  dip,  we  have  only  to 
lect  that  the  earth  is  a  magnet,  and  that  its  poles  are  sitnalei 
below  its  surface.     The  directive  property  of  the  needle,  ii 
owing  to  the  attraction  of  these  poles.     When  the  needle  it 
on  the  north  side  of  the  magnetic  equator,  the  earth's  nortk 
poles  will  have  the  greatest  effect,  and  the  needle  will  poirt 
directly  to  that  north  pole,  which  is  so  situated  as  to  have  the 
greatest  intensity  relative  to  the  needle.     If  the  needle  vai 
directly  over  that  pole,  its  north  pole  pointing  to  it  wodd 
cause  the  needle  to  assume  a  position  perpendicular  to  the 
horizon.     The  farther  south  it  is,  the  greater  will  be  tk 
action  of  the  earth's  south  poles.     This  will  occasion  a  dtmiafr' 
tion  of  the  dip.     At  the  magnetic  equator  both  the  north  $ai 
south  poles  will  act  with  equal  energy  on  the  needle.    Tbr 
consequence  must  be  that  it  will  assume  a  direction  perfcctif 
horizontal.     To  the  south  of  the  magnetic  equator,  the  tcank 
poles  of  the  earth  will  act  more  powerfully  upon  the  needle  tkio 
the  north  poles:  hence  the  south  pole  of  the  needle  will  begii 
to  dip,  and  this  dip  will  increase  as  we  advance  southwards. 

As  the  magnetic  poles  do  not  coincide  with  the  terrettriil 
poles,  it  is  obvious  that  the  magnetic  equator  cannot  toincidtf 
with  the  terrestrial  equator.  It  was  long  l)elieved,  that  the 
magnetic  e(iuator  was  a  great  circle,  the  plane  uf  which  vw 
inrlincil  to  that  of  the  terrestrial  equator  at  an  angle  of  •bo*' 
12° ;  that  it  cut  the  e<puitor  in  two  points  or  nodes,  one  of 
which  was  situated  in  about  west  longitude,  115^  ii'  ^'« 
considerably  to  the  west  of  the  Ualipagos  islands,  sitoiMd 
near  C*uluinbia  in  South  America,  and  the  opposite  nude  la 
west  longitude  295^  24'  44",  situated  in  the  Indian  Ckesn;  ^ 
the  numerous  magnetic  observations  made  by  Captain  Coul 
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a  ill  founded.*  It  corresponded  iudeed  with  the  magnetic 
KrvatioDH  made  in  the  Atlantic  and  Indian  occaoa,  nnd  ta 
rope  and  the  coasts  of  Africa  and  America ;  but  was  quite 
iconclleablu  witb  those  in  the  Pacific  Ocean  between  west 
^tude  1 15°  and  270°,  which  comprehends  little  less  than  a 
ispliere.  He  showed  that  Cook  and  Baj'ley  crossed  the 
[DOtic  meridian  in  west  longitude  158°  41'  53",  and  In  3° 
ly  40"  south  latitude.  Diet  concluded  from  this,  that  there 
were  three  or  probably  four  nodes  or  crossings  of  the  terrestrial 
equator  by  the  magnetic  equator. 

M.  Morlet,  by  apecuhar  method  of  intcrpolutiou,  determined 
the  posiliun  of  these  nodes,  and  likewise  the  true  form  of  the 
magnetic  equator.  M.  Hansteen  also  determined  the  position 
of  the  magnetic  equator,  founding  his  calculations,  as  M. 
Morl«t  had  done,  upon  observations  made  in  1780.  M. 
Duperreyafterwardsfixed  the  position  of  the  magnetic  equator, 
from  tlic  numerous  observations  made  by  him  in  liis  voyages 
of  discovery  in  the  years  1822,  1823,  1824,  and  I826.t 

Though  the  data  employed  by  Morlet  and  Hansteen  were 
the  saitic,  some  slight  differences  appear  in  their  dctermina- 
tiaai.  The  magnetic  equator  is  placed  by  both  wholly  to  the 
M>uth  of  the  equinoctial  line,  in  the  Atlantic  Ocean,  between 
.\frica  and  America.  In  west  longitude  24°  52',  it  is  13°  or 
1  A°  to  the  south ;  in  the  chart  of  Hansteen,  it  crosses  the  equator 
^iliout  22°  8'  of  east  longitude.  M.  Morlet  places  the  node 
ibowt  4°  further  west. 

Setting  out  from  this  node  and  advancing  into  the  Indian 
Ocean,  the  line  of  no  inclination  rises  rapidly  to  the  north  of 
the  equator ;  it  leaves  Africa  a  little  to  the  south  of  Capo 
Guarila^n,  and  reaches  its  maximum  of  northing  (about  12°) 
in  C2°  8'  of  cast  longitude.  Between  tins  meridian  and  174° 
8'  of  oast  longitude,  the  magnetic  equator  is  always  in  the 
oortlicru  hemisphere.  It  cuts  the  peninsula  of  Hindostan  a 
lirtlo  to  the  north  of  Capo  Comorin;  traverses  the  Bay  of 
Bengal,  inclining  slightly  tothc  equator,  from  which  its  average 

>  Pog^iidurff't  Anualen,  ui.  151.  J 
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Purt  II.    distance  is  about  A**  nt  tlm  ontrancc  of  the  Gulf  of  Siam,  id- 
vanres  a  very  littlo  to  the  north,  and  is  ahuo9t  [MiniUel  to  tbe 
e({uator  at  the  northern  extremity  of  Konico  and  for  a  ooik 
siderable  way  (*ast.     It  pa.^^ses  through  the  Island  of  Paraguay. 
throu<:h  the  strait  wliich  separates  the  most  southerly  of  the 
Philippines  from  the  isle  of  Mindanao,  and  at  the  meridian  of 
\Vai<riou  is  [)^  to  the  north  of  the  equator.     After  pataia^ 
through  the  Caniline  isles,  it  inclines  ra|)idly  to  the  siiuth^ami 
cuts  the  terrestrial  eciuator  aceordins:  to  Morlet  in  174%  aad 
according;  to  Hanstcen  in  1H7°  of  east  lonLMtude.     There  ii 
considerable  uncertainty  about  tlic  position  of  aufither  node 
sltuate^l  «ilst)  in  the  Pacific  Ocean.    It  ou(;ht  to  lie  not  far  tnm 
120o  of  west  longitude.     Aecordinir  to  Morlet,  the  maffiietit 
equator,  after  touching  the  terrestrial  equator,  inclineii  a^ain  tn 
the  south;  but  Ilansteen  supposes  that  it  crosses  the  termtriil 
equator,  and  continues  in  the  northern  hemisphere  during  a 
extent  of  about  \o^  uf  longitude,  and  then  cuts  the  eqoattf 
a^aiu  at  about  23<>  to  the  west  of  the  continent  of  America. 
In  IIansteen*s  chart,  the  ma<;netie  equator  in  that  |»art  of  iu 
course  does  not  deviate  more  than  1  \  ^\  so  that  it  nowhere  difln 
more  than  *2'^  from  the  position  laid  il«»wn  by  Morlet,* 

It  is  ulivious  from   .Morlet *s  deduct imis,  that  tbe  mainietic 
equator  has  a  UKtvemeiit  of  tran.'-latlonfrom  east  to  wi*st. 
two  nodes  of  llanstetMi  and  the  ranuent  of  Mitrlct  in  (he  PaciEi* 
are  situated  between  west  luUL'itutle  ION'-' ami  I2'>"  calcnlat 
for  IT^U:  liut  M.  Frevciiiet  fninid  that  in  Islt),  it  was  in 
ion«;itniie  132'.     AccordiuL:  to  Captain   Sabine,  the  point  o 
inter>ection  of  tbe  two  equators,  \ibitb  in  17<^t)  wa>  in  the  i& 
terior  of  Africa,  has  now  advanced  from  east  to  west  into 
Atlantic  Ocean.t 

Morlet  >tateiK  it  is  pro1»abl(»  that   tbe   pttsitinn  of  tbe 
iietic  cfjuator  rei:nlatc>  fmiii  one  pnle  to  the  nther  thedirecti* 
of  tbe  annual  variation-:  of  tin-  maLMiclir  needle.      If  we  i^aI  ' 
th(»  di^tanci*  uf  any  jioinl  fn»ni  the  ina^'ni'lio  n)uat(»r  iLa  ■tf;.*^ 


•  \N  I*  \,A\*   ii.*i  rTi  il  \  *  TV,  III  fi::iki-  il.i-  I'tioitinn  "f  tin"  niJi?:i<  Ijc  lamc  ts^- 
inii  lli.-il'**  .  II  ih  Ti  I  ii'x  I  li.irt  I  ntli  i<t  (l.r  liip  ali<l  ilivliiutiuli  ••!*  1)4*  liml-* 

t  M"i!i('o  il;.:it   Mill  |m  li.iiinl  in  till    >!•  iiiittri «  tlcA  Sa«AM»  litranc'^*'^ 
t.  in.  p.  I  Mi ;  IKvi.»ii-<-i)*-  41. •!  l)uiH-rri-\'ft  lu  l*i»^;:cuJoriri  Annaleat  L  it  -^ 
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netic  tatiti^,  measured  on  the  magnetic  meridian,  conndered  Ch.  XVII. 
as  a  grand  circle,  fae  found  that  the  inclination  of  the  needle 
diminished  with  the  dimiDution  of  that  latitude,  and  increased 
with  its  augmentation.     This  has  been  confirmed  by  subse- 
quent observations. 

The  dip  of  the  needle,  or  the  tncfinab'on,  in  the  same  place, 
undergoes  a  slow  change  as  well  as  the  declination,  and  doubt- 
less depending  upon  the  same  cause,  the  gradual  alteration  in 
the  position  of  the  earth's  magnetic  poles.  The  following 
table  exhibits  the  amount  of  the  dip  in  London,  during  an 
interval  of  254  years,  according  to  the  best  observations  which 
have  been  made : — 

1576         .         .         71*  30'        .         .         Norman" 

1600         .         .         72    00         .         .         Gilbert 

1676        .        .        73   47        .        .        Bond* 

1720         .         .         75    10         .         .         Whiston* 

1723        .        .        75   00        .        .        Graham* 
■    1772        .        .        72    19        .        .        NMme,+ 

1776        .        .        72   30        .        .        Cavendisht 

1805         .         .         70    21  .         .         Gi1pm§ 

1821        .        .        70     3        .        .        Sabincn 

1830  .  .  69  37-5 
From  this  table  it  appears,  that  the  dip  reached  its  maximum 
in  London,  about  the  year  1720,  and  that  it  has  been  diminish- 
ing ever  since.  But  the  difGcuIty  of  constructing  an  accurate 
dipping  needle  is  so  great,  that  all  the  observations  hitherto 
made,  can  be  considered  only  as  approximations. 

The  following  table  exhibits  the  amount  of  the  dip  at  Paris, 
in  N.  latitude  48°  50*  U",  and  East  longitude  from  Green- 
wich 9'  21"'6^  during  a  series  of  147  years : — 

Van.  ran  OlHmii. 

1671  .         .         75*    0-        .         .         Picard 

1754         .         .         72    15         .         .         LaCaillo 
'  Ai  givoQ  bj  Cavendiib,  in  hu  paper  on  the  Meteorological  IiutrumcnU 
of  the  Koyal  Society.    PhiL  Trans.  1776,  p.  375.    Some  of  Mr  Griham'i 
afaaemtioiii  only  gave  a  dip  of  73*  SC. 

t  PhiL  Trail*.  1773.  p.  476.  %  IWd.  1776,  p.  373. 

^  Ibid.  1806.     Meteorological  Table.  ||  lUd.  1B22,  p.  I. 

1  See  PUI.  Tnim.  1826,  p.  77. 
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1776 
1780 
1798 
1810 
1818 
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71  48 

69  51 

68  50 

68  35 


Le  Monnier 

CaMim 

Hamboldt 


If  we  except  the  obeenrations  of  Le  Monnier,  the  dip  I 
been  constantly  diminishing  at  Paris  since  the  year  161 
when  it  probably  exceeded  the  dip  in  London. 

Morlet  has  giren  us  the  Tariation  of  the  dip  in  Taric 
places.  It  will  be  worth  while  to  insert  hare  a  few  of  I 
tables.! 


corxKBAGm. 


Ymti. 

Dip. 

Ottruii. 

1773        . 

71*^45'       . 

Loo* 

1786 

71    30        . 

LoweDuro 

1791 

71    20        .        . 

BuKKe 

1813 

71    26        .        . 

BEBLUI. 

Wieugvl 

1805 

69^53* 

Humboldt 

1 H26 

68    40 

do. 

1829 

68   30 

TEirVRUTB. 

do. 

1792 

62*25' 

R4>mI 

1799 

62   25 

lIunilMtldi 

1801 

62   26 

Bcmier 

1822 

59   50 

SabiiM* 

1 822 

57     6        .        . 

ISLE  OF  ASCE2I6IO!!. 

Duporrry 

1752 

II^IO* 

U  CaiUo 

1774 

8   57 

Wmlos 

1822 

5    10        . 

Sabine 

1825 

1    58        .         . 

Duperrry 

•  Tlicw  two  copied  firom  Dctprcts  TVtit^  do  Pbyaqw.  p.  44A. 
t  Mem.  dct  SstsdU  £tnngcrfly  do  rinMitiit  do  France  iii.  176^ 
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Ch.  XVII. 

Tean. 

Dipk 

.  Obicifcn* 

1775        . 

11^25' 

Wales 

1825 

15     3 

Duperrejr 

CAFE  OF  GOOD  HOFE. 

1751 

42«  58' 

La  CaiUe 

1774 

45   37 

Bayley; 

1774 

45    19 

Wales 

1776        . 

46   31 

Baylej 

1776        . 

45     6 

Cook 

1780 

46    45 

Baylej 

1780 

45    27 

King 

1792 

48    30 

Vaacoarer 

[isle  of  fran< 

:e. 

1754 

52*^17' 

Ta  Caille 

1801 

54    29 

Bemier 

1824 

53   47 

OTAHBITE. 

,        .         Duperrey 

1773 

29®  43 

Bayley 

1774        . 

29   47 

do. 

1777 

29    47 

do. 

1777        . 

29    12 

Cook 

1823 

29    35 

Duperrey 

1823 

30   31 

do. 

m 

FOBT  JACKSO 

N. 

1802 

62«  44'       . 

Bemier 

1802 

62   52 

Flinders 

1821 

62   36 

Brisbane 

1824 

62  ^17 

AMBOHVA. 

Duperrey 

1792 

20^  37' 

RoBsel 

1824 

20    32 

Duperrey 

It  would  appear  (rem  these  tables,  that  the  dip  is  diminish- 
ing in  the  northern  hemisphere  and  augmenting  in  the  south- 
em.  This  indicates  a  morement  of  the  magnetic  equator  from 
•outh  to  north. 
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Part  1 1.  5.  Lines  indicating  the  declination  of  tbc  needle  in  dilcr* 
cnt  parts  of  tlic  earth's  surface  were  first  published  in  1663 
by  Dr  Ilallcy,  together  with  tables  of  the  Tariation  of  the 
pass  in  various  places  where  obsenrations  have  been 
Mim  of  Other  charts  exhibiting  the  lines  of  equal  declination  of  the 
uTtioo.  '  needle  were  afterwards  given  to  the  public  by  Yates,  Chiiich> 
man,  and  especially  by  Ilanstcen  in  the  atbs  which 
panics  his  Untersuchungen  uber  der  MagmeHtmus  der 
published  in  1819.  In  1833,  a  new  declination  chart  was 
constructed  by  Mr  Barlow.f  It  would  be  impossible  to  ren- 
der the  position  of  these  lines  intelligible  without  Mr  Barlov'i 
chart,  to  which  therefore  the  reader  is  referred.  On  attah 
tively  considering  these  lines  of  declination  on  the  map  it  wiD 
be  acknowledged  that  notwithstanding  their  extraordinarr 
curvatures,  thev  exhibit  a  character  which  indicates  them  b^ 
ing  dependent  on  some  law,  however  intricate  and  mysteriook 
If  they  were  greatly  influenced  by  parts  immediately  in  thor 
vicinity,  we  could  not  find  that  regularity  observable  in  nearly 
all  of  them.  Thn mghout  the  Atlantic  for  example,  there  is 
a  continuity  and  softness  of  curvature,  and  unity  of  diipcsi 
tion  inconsistent  with  such  a  supposition. 

In  the  Indian  Ocean,  we  have  a  most  extraordinarv  inflortioa 
of  the  curve  of  no  variation,  whereby  we  find  in  tracing  th« 
earth's  equator  that  two-thirds  of  it,  or  240<>,have  easterly  vari- 
ations, while  onlv  one-third,  or  120®  have  westerlv  variati<vak 
Another  nuirkod  {wculiarity  in  this  ocean  is,  that  for  40^ 
the  lino  of  no  variation  runs  nearly  parallel  to  the  ccjiutor, 
and  then  for  other  40^  down  a  meridian.  It  passea  firoa 
Vansittard  Hay,  in  the  north-west  part  of  New  Holland,  to 
Sandal w(K>d  Island  in  south  latitude  10^  and  east  longitodc 
120-,  passes  nearly  parallel  to  the  eipiator  to  almost  tmA 
louiritude  IK)^,  when  it  takes  a  north-west  sweep,  cro^tsos  tbc 
cMpiat<ir  in  east  lon«:itude  70*",  takes  a  northerly  direction  asd 
enters  the  peninsula  of  Hindostan  at>out  north  latitude  90* 
and  about  rast  loniritude  GO^.  It  makes  its  api)earancc  aiiaia 
in  the  ea»t  eiuist  of  C'hina,  in  north  latitude  25*'  and  abo«t 

•  Phil.  Trail*,  xiii.  208.  f  l*>i*I-  *^33»  P-  «<>7. 
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1 20<>  of  east  longitude.     From  this  point  it  sweeps  rapidly  to  Ch.xvii. 
the  north  and  crosses  north  latitude  60o  at  east  longitude 
about  380. 

The  western  line  of  no  variation  crosses  south  latitude  60®, 
at  about  west  longitude  20^^,  and  proceeds  northerly  to  Bahia 
in  Brazil,  in  about  13o  of  south  latitude.  From  this  place, 
it  proceeds  nearly  in  a  northern  direction  to  Washington,. in 
the  United  States,  in  west  longitude  about  76^,  and  north 
latitude  about  38<>.  It  afterwards  passes  through  Hudson's 
Bay,  crossing  north  latitude  60^,  in  about  west  longitude  89^. 

The  progressive  change  in  the  position  of  the  curves  of 
equal  variation  on  the  globe,  is  a  most  important  feature  in 
terrestrial  magnetism.  Mr  Barlow  informs  us,  that  the  vari- 
ation itself  was  first  noticed  by  Petri  Peregrini,  in  1269,  who 
mentions  in  a  letter  to  a  friend,  that  after  several  careful  ob- 
servations, he  had  found  it  5^  east  in  Italy,  tn  1580,  it  was 
11^^  east  in  London;  about  1658,  it  was  zero.  In  1700,  it 
was  about  8®  west,  at  which  time  it  was  zero  on  the  coast  of 
America,  in  the  vicinity  of  New  York,  and  it  has  remained 
at  the  latter  place  nearly  the  same  ever  since.  So  that  about 
the  year  1660,  the  line  of  no  variation  must  have  crossed  the 
Atlantic,  nearly  at  right  angles  to  the  meridian,  as  it  *does 
now  the  Pacific  Ocean. 

Very  little  variation  has  been  observed  in  Australia  during 
the  last  fifty  years :  hence  it  is  probably  as  fixed  there  as  on 
the  coast  of  America.  In  the  West  Indies,  the  Bermudas,  and 
a  few  other  places  where  the  variation  is  small,  the  change  has 
been  inconsiderable.  But  we  know  of  no  place  where  the 
variation  is  large  and  stationary. 

In  all  places  in  which  sufficient  registers  of  variation  have 
been  made,  and  where  the  motion  or  change  has  been  consi- 
derable, we  may  always  reduce  that  motion  to  a  circular  rota- 
tion of  a  certain  assumed  magnetic  pole,  about  the  pole  of 
the  earth.  But  if  such  moveable  poles  exist,  (and  the  coinci- 
dence of  calculation  and  observation  leaves  little  doubt  on  the 
aubject,)  how  can  we  account  for  those  stationary,  or  nearly 
stationary  points  of  no  variation  in  difibrent  parts  of  the 
globe? 
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PtotlT.  distance  is  about  8**  at  the  entrance  of  the  Gulf  of  Siai 
vances  a  very  little  to  the  north,  and  is  almost  {laniHt*! 
equator  at  the  northern  extremity  of  Borneo  and  for 
siderable  way  east.  It  passes  tlirough  the  bland  of  Pan 
through  the  strait  which  sei>aratc8  the  most  southtTly 
Philippines  from  the  isle  of  Mindanao,  and  at  the  merit 
Waigiou  is  9^  to  the  north  of  the  equator.  After  p 
through  the  Caroline  isles,  it  inclines  rapidly  to  the  S4iut 
cuts  the  terrestrial  equator  according  to  Morlct  in  174 
according  to  (lansteen  in  187°  of  east  lonifitude.  Tl 
considerable  uncertainty  about  the  position  of  another 
situated  also  in  the  Pacific  Ocean.  It  ou;;ht  to  In?  not  fa 
120o  of  west  longitude.  According  to  Morlct,  the  ma 
equator,  after  touching  the  terrestrial  equator,  inclines  a: 
the  south;  but  Hanstecn  supposes  that  it  crosses  the  ton- 
equator,  and  continues  in  the  nortlu^m  hemisphen*  dur 
extent  of  about  15^  of  longitude,  and  then  cuts  the  c 
again  at  about  23^  to  the  west  of  the  continent  of  An 
In  Hansteen's  chart,  the  ma;rnetic  equator  in  that  part 
course  does  not  deviate  more  than  1  ^  "'y  so  that  it  nowhere 
more  than  2**  from  the  position  laid  down  by  Morlct.* 

It  is  obvious  from  Morlet's  deducti(^n«,  that  tho  ma 
equator  has  a  movement  of  translation  from  ca>t  to  »»»-t. 
two  nodes  of  Hanstecn  and  the  tauirrnt  of  Murli-t  in  tin*  V 
are  situated  between  west  lon<ritudc  \0H^  anil  \2ir  c.ilc 
for  1T80;  but  M.  Freycinet  found  that  in  IslD,  it  ua-*  ii 
longitude  \IV2\  Accordini;  to  (.*aptain  Sabiiio,  tlio  p 
intersection  of  the  two  cipiators,  uhiih  in  17^0  h:l«  in  I 
tcrior  of  Afri(*a«  has  now  advanced  from  ea^t  to  wc^^t  ifl 
Atlantic  Ocean.f 

Morlct  statcil,  It  is  probable  that  tbi*  position  of  the 
netic  equator  rcirulates  from  one  pole  to  the  i>tliiTtl:edir 
of  the  annual  variations  of  the  maL'uetie  needle.  If  i 
the  distance  of  any  point  from  tht*  ma^' netic  ef}uator  iti 

*  Wi*  lia^i-  iiwrtifl  hvTv,  loiiKikf  tin*  |HiMiioii  «if  tht*  nuiri.it^B 
inti  Hi;:ililr,  Ilaii-lii  ii'*>  tliart  IkiiIi  i>t  tin*  iliji  ami  «livliu.ii:«in  i  t' ihr 

f  Mnrlrt'f*  iliart  will  \t»'  liiiiml  in  tlu  Miiiuuri-*  tic*  Sa%Aiitft  liu 
t.  hi.  |».  \f<'2  ;  llaii»u-cii*9  aii«l  l)u|»i'rri'\'ft  iu  ro^^iendurlTi  AdbaIcSi 
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of  Afnca,  Brazil,  Weat  Indies,  North  America,  ch.xvir. 
,  Spitzbergen,  and  Norway.  Many  other  similar 
IS  have  since  been  made  in  various  regions  of  the 
ny  of  which  have  been  consigned  to  the  public  in 
it  volumes  of  the  Philoaophical  Transactumt* 
ig  these  experiments,  it  is  necessary  that  the  needles 
hould  be  magnetized  to  saturation,  and  the  ezperi- 
uld  make  himself  sure  that  Done  of  the  intensity 
St,  by  repeating  the  vibrations  in  tbe  place  where 
;an  hia  experiments.  If  the  needle  made  tbe  same 
TibratioDs  in  a  given  time  as  it  did  at  first,  he  may 
at  no  magnetism  has  been  lost  during  the  course 
crimcnts,  however  long  they  may  have  been  con* 

>f  attempting  an  enumeration  of  all  these  numerous 
3,  which  would  occupy  too  much  room,  it  will  be 
)  give  a  table  of  tbe  inten«ty  in  different  places,  as 
om  these  observations  by  Haneteen,  to  whom  this 
tciencc  hes  under  so  many  obligations-t 
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HUMHOLDT  OBSERVES. 


70.  50' 

70 

48 

2« 

*l 

■HI 

37 

9 

69 

0 

0 

■.«..  1 

3- 

"1 

5 

^1 

'■TiUaaf  ' 
dip  uid  In- 
UuitiM. 


1'3773 
1-6133 
0^348 
0^32 


1-0773 
1-0000 


1-0191 

1-0095 


educed  copj  of  Sabine*B  plate  of  tbe  Uhm  of  eqtuJ  mteniitj, 

cd. 

table  may  bo  leen  in  Poggendorff't  AniwJtn,  iU.  423.     He 

rreclcil  table  in  tbe  Mune  book,  tosi.  vi.  p.  3S1  j  and  a  table 

orrected,  in  torn.  ii.  p.  236.     Hii  ohvt  of  iio^namic  line* 

1  in  Poggmdorff't  Amakit,  ziTiii.  473. 
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Pmtilh 


Cuen^my 

QuitOy       ..•••••• 

St  Antonio, 

St  Carlo*, 

PopAjTUi, 

Santa  Fe  de  Bogota, 

Javita, 

Eimeraldai 

Corichana, 

St  Thomas, 

Cartliagena,      •        • 

Cumana,  •     « 

AtknUc.   /  N.  Ut.  20-  46'.  W.  lon^.  41'  aff..  . 
*   \  11      0,  44   32,     • 

Mexico, •         •        • 

N.  lat,  12*  34',  W.  long.  33**  14',* 

14   20,  28      3*     . 

Atlantic,   ^  20     8,  8    34,     . 

21    36,  5    3%. 

25    15,  0    36,     . 

Portici, 

Na{>les, 

Home, 

Crater  of  Vetuviui, 

St  Cruz,  TenerifTe,    .  ... 

Valencia,  ....... 

FloriMici*,  ....... 

Atlantic,  lat.  32^  IG',  loDg.  2<'  52',« 

Barcelona, 

Marseilles,         ....... 

Ninies,      ........ 

Mailanil,  ........ 

Moiit|K*llier,       ....... 

Airulu,  St  Gothanl,  ...... 

Turin,      ........ 

Mediiui  del  Conipo,   ...... 

Laus  le  bourg,  on  Mount  Cents, 

Coni<»,       ........ 

St  Mieha^'l,        ....... 

I  lospital  of  St  ( tothard,     ..... 

Ilospitid  of  Mount  Cenis,  .... 

Urseni,     ........ 

Altori,      ...••... 
...     ..       f  Ul.  37*  14,  lomr.  a"  30' E.»    . 

AtWUc,   {        3,,   g.^      ^  3    40.  .         . 

*  From  Ferro. 


P^ 


8»43' 
13   22 


14 
20 
20 
24 
24 
25 
30 
35 
35 
3y 
41 
41 
42 
45 
52 
56 
47 
60 
60 
61 
61 
62 
62 

!  f  13 
JU 

l\5 
65 
*)5 


r.5 
61 


25 
47 
53 

16 
19 
58 
24 

6 
15 
47 
46 
57 
10 

8 
55 
42 

49 
18 

5 
35 
57 

0 
25 
3> 
51 
21 
37; 
10 
23 
40 
53 
55 

3 

9 

1* 
12 
12 
14 

12 
53  I 

3«» 

40, 


1*0675 
1-0871 
1-Me» 
MI70 
M473 
1*0675 
1-0577 
M575 
MU70 
1-293^ 
M779 
11779 
M6I7 
1-3155 
1-2300 
1-2830 
1-2510 
1-2617 
1-2830 
1-2883 
1-2745 
1-9642 
1-1933 
1-2723 
1-2405 
1-27-2 
1-2U> 
l-34^2 
l-2ta«* 
1-2^38 
1-3121 
l-34«*2 

1-3364 

l-2i#3H 
l-32-i7 
l*31iM 

l:il3s 
1-3441 

1-3-2-i'* 
1-3155 
1-31U 
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Madrid, 

Tubingen, 

Atlantic,  N.  lat.  38*»  52',  E,  long.  3**  40',* 

Ferrol, 

Paris, 

Gottingen, 

Berlin, 

<EB8TED,  BSICH8EN,  HANSTEEN,  OBSERVERS. 

Carolath, 

Berlin, 

Dantzick, 

Altona, 

London,    ....... 

Ploen, 

Ystad, 

Oxford, 

Schleswig, 

Copenhagen, 

Ooense, 

Helsenburg, 

Kolding, 

Soroe, 

Fredericksburg, 

Aarthuus, 

Liyerpool, 

Aalbore, 

Odensaia, 

Frederickshaven, 

(jothenhurg,     ...... 

Altorp, -       . 

Korset, 

Quistrum, 

Skieberg, 

Edinburgh, 

EUden, 

Helgeroa, 

Soner, 

Christiania, 

Ryenberg, 

Bogstad, 

Bogstadberg, 

NSsodden,         ...... 

Banun,     ••.•.•, 
Bolkefjoe,         •.••«. 

*  From  Ferro. 


Dip. 

North. 

67° 

41' 

68 

4 

68 

11 

68 

32 

69 

12 

69 

29 

69 

53 

68 

21 

68 

50 

69 

44 

69 

46 

69 

67 

70 

2 

70 

13 

70 

12 

70 

19 

70 

36 

70 

50 

70 

52 

70 

53 

70 

57 

70 

59 

71 

13 

71 

14 

71 

37 

71 

39 

71 

48 

71 

58 

72 

14 

72 

24 

72 

27 

72 

29 

72 

34 

72 

38 

72 

39 

72 

41 

72 

36 

72 

45 

72 

34 

73 

13 

73 

2 

72 

44 

73 

15 

Intcniity.  Ch.  XVII. 

1-2938 

1-3569 
1-3155 

1-2617 
1-3482 
1-3485 
1-3703 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Jl 
1 
1 
1 
1 
1 
1 
1 
1 
1 

I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 


3509 
3533 

3737 
3594 

3607 
3575 
3747 
3706 
3628 
3672 
3782 
3782 
3846 
3842 
4028 
3838 
3657 
3780 
3666 
3842 
3826 
3891 
3735 
4047 
3725 
4005 
3840 
3980 
3835 
4195 
4208 
4378 
4195 

4517 
3902 

4058 


soe 
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PiMrt  II. 


Nfirftob6e, 

DnunDum* 

Mauraftter, 

UllensTangy 

Gmiy 

Kongtberffy 

Tonuevold, 

Bekkenrigy 

Vang,     . 

BergoDy 

Moe, 

Morisiuen, 

Leienidal, 

Slidret    • 

Findaasy 


CAPTAIN  SABnOB  OBSEBVEE. 

Brana,  Shetland* 

DavU'  Straits,  N.  lat.  GS^"  22^,  W.  long.  36o  lO', 
Hoacn  Iiland,  Ut.  TO*"  26',  W.  long.  37*  12',     . 
flat,  75*    5',  W.  long.  42*  43^,     . 

75  61,  45   26,     . 
^        76  45,  58   20,      . 

76  8,  60   41,      . 
70   35,                  49    15,      . 


Baffin's  Bay, 


IMi. 

B^^^VH^^Hf* 

73»iy 

IS  159 

73  33 

1M136 

73  37 

l-37il 

;73  44 

1-46M 

73   44 

iMBtt 

73  45 

MSttI 

73  47 

IM144 

73  50 

MM6 

73  58 

M114 

73  59 

1-430$ 

74     3 

1*42B0 

74     3 

1-4234 

74     4 

mo58 

74     6 

M190 

74   34 

1^4643 

74   48 

1-4503 

74   21 

1-4471 

83     8^ 

i-eaGs 

82   49 

1-64^ 

84    25 

i-6ia 

84   44| 

1^410 

86     9 

1-705S 

86     0 

1*6kaS 

h4    39 

i-decn 

The  following  table  of  magnetic  intensity  in  different  pUccs 
has  been  calculated  by  Hansteen,  from  Captain  Sabine'a  ob> 
acrvations : — 


PUCM. 

LAtitadc 

!      n^ 

tm^^m' 

St  Thotnas,  • 

0« 

25'  N. 

240 

25'  E. 

'   0* 

6!  o^isr 

Baliia, 

.        12 

59  S. 

20 

53  W. 

4 

12 

of^esx 

AsiM-imion.    . 

7 

56  S. 

3 

16  K. 

5 

10 

0-*«2 

Maranhaiii,  . 

'      1    '^ 

32  S. 

26 

41  W. 

23 

<>2    i>m^ 

Sierra  I^*oiia, 

.     !    8 

29  N. 

4 

25  K. 

31 

2-5    1-03M 

Trinidaii, 

10 

39  N. 

43 

55  W. 

39 

2-5    M73P 

St  MarTm 

13 

8N. 

I 

7  1*:: 

40 

23-1  1M199 

Port  Pmya,  . 

.     .14 

54 

.   7 

50  W. 

45 

2#>3'1-1T4<^ 

Jamitica, 

.     ,17 

56 

59 

14 

46 

55-3    X-Mfft 

Cayiiian. 

.     ,19 

14 

63 

2,5 

48 

4M.3  JI-41T* 

Ilavannnh,    . 

23 

9 

r»4 

43 

51 

55-2  '  I -4 756 

Tenrriffi*, 

2« 

27 

1 

25  E. 

59 

46-8: 1  •^A'** 

Ma<lvira, 

.      32 

38 

0 

44 

62 

I2*3'I-9»;KS 

New  York,   • 

.      40 

43 

56 

23  W. 

73 

70H). 

1-7863 
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FlM« 

UUWa 

:JS»St 

Wp, 

i™«ii,.  O.  XVII. 

Homraerfest, 

70°  WN. 

41°2ffE. 

77=  15-9 

1-4602 

Greenland,    . 

?4   32 

36  30 

80     9 

1-4990 

Spitsbergen, 

19  SO 

29  20 

81    10-5 

1-5373 

DnriB'  Straits,       . 

64     0 

44   low. 

83     4 

1-6633 

Poasesaion  Bay,     . 

73  31 

69  42 

86     4 

1-6474 

B.  Martin'.  Wand,         . 

7«   10 

86     4 

88   26 

1-6251 

Repent's  Island,    . 

72  4S 

72     1 

88   27 

1-6512 

Melville  Island,     . 

74  27 

94     2 

88   37 

1-6120 

Wiiatar  Harboir, 

74  47 

93     8 

88  43 

1-5979 

TbJB  table  shows  very  clearly  the  want  of  parallelism  in  the 
uodjnamic  lines. 

The  following  table  of  intensiUes  has  been  calculated  by 
Hansteen  from  his  own  observations : — 


GnmdaSt, 
Bjdmeatad,  . 

Ronaai, 

YdsBt, 

StSrens  Pfurhof, 

Drontheim,  . 

Garnewt,     . 

Bniil,    . 

Ocaterund, 

GrimiiEa,      , 

OUta,  . 

Snndflwall,    . 

Hemoaaad,  . 

Dockfta, 

Umeo, 

Potm, 

GretDSs.       . 

Hifianuida,  near  Tonieo, 

Alknla,  above  Tomeo, 

Uleabor^,     . 

Bnh«sUd,    . 

Ny  CarUby, 

Wau, 

Tjack, 

Bjfinieborg, 
Obo.     . 
Stodholm,    . 
CarisUd, 


I.M<tudc 
HbiIl 

-fir 

Mp. 

60"  56' 

29«15' 

73''69'-8 

61      3 

29     6 

73  50-1 

62    18 

28   38 

74   33-7 

62    34 

29   15 

74  41 

62   57 

28  58 

74  49-1 





74  27-6 

63    26 

28     5 

74   401 

. 



74   40-4 

63   42 

29  52 

74   38-9 

63    10 

32   12 

73  65-9 

62    50 

32  50 

74     6-8 

62   29 

33  40 

73  42-6 

62    22 

34  56 

73   37-9 

62    38 

35   33 

73  56-7 

74     4-2 

63    49 

37  62 

74     4-2 

65    19 

39     9 

74     9 

74  68-3 

eo. 

65    50 

41   55 

75   12-7 

66    16 

41   27 

75     4-5 

65     0 



74  44-1 

64    41 

42  20 

74    10-4 

63    38 

40  31 

73  48-2 

63     4 

39  22 

73  49-1 

62    17 

39     2 

73   209 

61    29 

39  26 

72  55-4 

60   27 

39  58 

72     9« 

59   20 

35   44 

72     8-3 

59   23 

31    16 

72  33-4 

60    12 

29  38 

73  S8-I 

1-4336 
1-4159 
1-4173 
1-4339 
1-4457 
1-4142 
1-4239 
1-4270 
1-4168 
1-4275 
1-4207 
1-4156 
1-4091 
1-4146 
1-4054 
W075 
1-4417 
1-4404 
1-4384 
1-4580 
1-4333 
1-4486 
1-4081 
1-4100 
1-4000 
1-3935 
1-3826 
1-3661 
1-3717 
1-4136 
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PM-t  il.  From  Hansteen's  chart  of  iBodynamic  lines  it  appears,  that 
the  line  indicating  a  magnetic  intensity  of  0*9  is  Tery  irr»> 
gular,  but  returns  upon  itself,  and  encloses  a  space  at  about 
50®  east  longitude  from  Ferro.  It  is  about  2^  north  of  the 
equator,  in  the  interior  of  Africa ;  and  its  point  of  greatest 
southing,  is  about  48^  south  latitude,  and  35^  east  longitnde 
from  Ferro.  It  passes  as  far  west  as  west  longitude  39*,  ia 
north  latitude  10^  in  Brazil,  and  goes  as  far  east  as  tht 
island  of  Amboyna,  in  east  lon^tude  142<»,  and  north  lititadt 
about  2^.  The  line  marking  an  intensity  of  1'5,  goes  as  ht 
north  as  latitude  72^  beyond  the  North  Cape,  but  neariy  ia 
the  same  meridian ;  and  it  goes  as  far  south  as  the  island  of 
Cuba,  passing  through  the  Harannah,  in  north  latitude  13* 
9'.  The  line  of  intensity  1*8  passes  through  New  York,  and 
has  been  traced  as  far  north  as  the  bottom  of  Hudson's  Bay, 
about  west  longitude  55^  from  Ferro.  But  to  form  a  right 
idea  of  the  position  of  these  isod}'namic  lines,  it  would  be 
necessary  to  inspect  the  chart  of  Hansteen,  or  that  of  Sabioe» 
giTen  at  page  503. 

7*  Mr  Barlow  of  Woolwich,  in  his  experimental  inTestiga- 
tions,  in  order  to  discover  a  method  of  correcting  the  deria- 
tion  of  the  needle  on  shipboard  occadioned  by  the  iron  on  bosni 
Equator  of  the  TCdscl,  discovered  that  there  is  a  plane  passing  throu^ 
*  •P^*'^  every  iron  sphere,  in  which,  if  the  centre  of  a  neeille  be  »itujt- 
ed,  the  iron  sphere  has  no  effect  in  altering  the  declinatioa  of 
the  necille.  This  plane  at  Woolwich  was  inclined  about  SO* 
to  tlie  horizon ;  it  was  therefore  perpendicular  to  the  dip  of 
the  needle.*  The  reason  of  the  non  effect  of  iron  upoo  s 
needle  whose  centre  is  in  this  plane  is  sufficiently  obvioa** 
The  iron  must  act  equally  upon  both  poles  of  the  needle ;  it 
cannot  therefore  have  any  tendency  to  alter  its  declioatios- 
When  the  needle  is  any  where  out  of  that  plane,  one  of  Hi 
poles  being  more  attracted  than  the  other,  it  deviates  from  il* 
true  position,  and  Mr  Barlow  succeeded  in  determining  thr 
law  of  this  deviation.t 

8.  Another  very  important  general  fact,  for  which  wc  are 
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indebted  to  Mr  Barlow,  is,  that  the  intensity  of  the  action  of  Ch.  xvii. 
iron  on  a  magnetic  needle,  is  proportional  to  its  surface,  not 
to  its  solid  contents ;  so  that  a  hollow  sphere  of  iron,  how- 
ever thin,  has  as  great  an  effect  upon  a  needle,  as  a  solid  iron 
sphere  of  the  same  size. 

9.  It  was  supposed  at  first  that  iron,  or  substances  contain-  Other 
ing  iron,  were  alone  susceptible  of  the  magnetic  influence ;  bodied  ^ 
but  it  was  afterwards  observed,  that  cobalt  and  nickel  are  also 
magnetic  metals,  and  that,  like  steel,  they  may  be  converted 

into  permanent  magnets.  Coulomb  showed,  that  all  bodies 
were  to  a  certain  extent  susceptible  of  magnetic  influence. 

10.  White  hot  iron  has  no  effect  upon  the  magnetic  needle ;  white  hot 
but  as  the  iron  cools  it  begins  to  act,  and  it  acts  most  power-  |^|^^,|!|ue. 
fully  at  what  is  called  a  blood  red  heat.     Mr  Barlow  and  Mr 
Charles  Bonnycastle  observed,  that  between  a  bright  red  and 

a  blood  red  heat,  it  acts  in  the  opposite  way  from  what  it  does 
when  cold ;  that  is  to  say,  if  it  attracts  the  north  pole  of  the 
needle  when  cold,  it  will  attract  the  south  pole  at  the  temperap- 
ture  above  specified.* 

1 1  •  Mr  Barlow  ascertained,  that  when  a  magnetic  needle  Needle  de- 
is  placed  at  a  certain  distance  from  a  mass  of  iron,  the  needle  i^ioo.'^ 
is  deflected  when  the  iron  is  put  into  rapid  motion.  To  ob- 
serve the  effects  properly,  the  needle  should  be  neutralized 
from  the  action  of  terrestrial  magnetism,  by  magnets  properly 
placed.  When  this  is  attended  to,  and  the  iron  put  in  motion, 
if  the  direction  of  the  motion  be  towards  the  needle,  the  north 
pole  is  deflected  about  30^  towards  the  iron ;  when  the  motion 
is  from  the  needle,  the  north  pole  is  deflected  about  30^  from 
the  mass  of  iron.  When  the  needle  is  in  the  line  of  the  axis 
of  motion,  it  suffers  no  deflection  whatever .f 

SECTION  II. — OF  THE  ELECTRIC  PROPERTIES  OF  MAGNETS. 

It  has  been  already  stated  that  the  only  metals  capable  of 
being  converted  into  permanent  magnets,  are  iron,  nickel,  and 
cobalt;  but  that  (Ersted  diseovered,  in  the  year  1819,  that 
every  metal  became  a  magnet  during  the  time  that  an  electric 
current  was  passing  through  it. 

*  Phil.  Traiu.  1822,  p.  117.  f  Ibid.  1825,  p.  117. 
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^9^^^»       He  ascertained  that  if  a  magnetic  needle  be  preeenlad 

AotioQ  pf   to  the  wire  which  unites  the  two  poles  of  a  galTanie  pile  b  faO 

^IS!^^  action,  it  is  attracted  by  it,  and  the  needle  has  a^teodcBcy  ts 

i|^*|>  >^  arrange  itself  at  right  angles  to  the  eondaoting  wire.     If  the 

needle  he  above  the  conducting  wire,  (suppose  in  the  msgastif 

meridian,)  the  north  pole  turns  to  the  1^  of  the  curreDt  of  posi- 

tire  electricity ;  if  it  be  below  the  conducting  wire,  the  ssms 

pole  turns  to  the  riffhL    When  the  needle  is  placed  oo  dM 

weti  ude  of  the  conducting  wire,  (supposed  to  be  nearly  in  the 

magnetic  meridian,)  and  parallel  to  it,  the  north  pole  wiB  hs 

elevated ;  but  when  placed  on  the  east  side  of  the  oondnetivf 

wire,  the  north  pole  is  depressed. 

1.  The  phenomena  of  electro-magnetism  are  best  obemei 
when  only  a  single  pair  of  plates  is  used,  and  the  larger  dM 
sise  of  the  plates,  the  better  can  the  phenomena  be  obeuieA. 
A  good  apparatus  for  the  purpose,  consists  of  a  box  of  copper, 
composed  of  two  copper  plates,  each  about  a  foot  square,  and 
about  Iths  of  an  inch  distant.  A  bottom  and  ends  of  copper 
are  soldered  to  their  sides,  so  as  to  complete  the  box.  In  the 
centre,  between  the  two  sides,  and  not  touching  the  copper 
anywhere,  a  sine  plate  of  nearly  the  same  sise  as  the  copper. 
is  fixed  either  by  baked  wood  or  sealing-wax.  When  this 
vessel  19  filled  with  dilute  nitric  acid,  and  the  copper  and  sine 
plates  arc  connected  by  a  wire,  most  of  the  phenomena  of 
electro-magnetism  may  be  exhibited  by  means  of  this  wire. 
Atiioa  on  2.  To  form  a  conception  of  the  cause  of  this  diflerenee  m 
cxfiaiiMiL  the  declination  and  inclination  of  the  needle  according  to  its 
position,  we  may  suppose  that  the  current  of  electricity 
in  a  spiral  direction  round  the  conducting  wire,  moving 
left  to  right.  This  will  be  understood  by  inspecting  the  figure 
in  the  margin,  in  which  A  represents  ^^  ■  ^ 
a  section  of  the  conducting  wire,  and  ^ . 
the  arrows  B,  B,  B,  B  represent  the 
direction  in  which  the  current  of  elec- 
tricity moves  round  A.  It  is  obvious 
from  the  position  of  these  arrows,  that 
the  action  on  the  magnetic  needle 
ought  to  be  opposite  above  and  below. 
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and  likewise  upon  the  left  and  right  of  the  oondncting  wire. 


ELECTRIC  PROPERTIES  OF  MAGNETS.  Oil 

3.  M.  Ampere,  to  whom  we  are  indebted  for  an  investiga-  Ch.  xvil. 
lion  of  the  phenomena  of  electro-magnetism  conducted  with 

much  sagacity,  discovered  that  when  two  electric  currents  are  Eieetrio 
moving  in  the  same  direction  in  conducting  wires  parallel  to  moTiog  the 
each  other  they  attract^  but  when  moving  in  opposite  directions  UtiSiL^^ 
they  repel.  He  contrived  to  place,  parallel  to  each  other,  two 
conducting  wires,  uniting  the  negative  and  positive  poles  of  a 
galvanic  battery.  One  of  these  conducting  wires  was  move^ 
able,  and  the  consequence  was,  that  it  was  attracted  by,  and 
made  to  approach  the  immovable  conducting  wire.  When 
the  currents  of  electricity  were  moving  contrary  ways,  the 
moveable  conducting  wire  was  repelled,  and  receded  from  the 
immovable.  As  similar  electricities  repel  and  dissimilar 
attract,  this  phenomenon  may  appear,  at  first  sight,  inconsis- 
tent with  the  laws  of  electricity. 
But  the  simple  inspection  of  the 
figure  in  the  margin  will  serve 
to  render  it  intelligible.  A  and  "I 
B  are  sections  of  the  two  con-  t^ 
ducting  wires ;  and  the  arrows  indicate  the  way  in  which  the 
electric  currents  move  along  them  in  a  spiral  direction.  It  is 
obvious  from  the  directions  of  the  arrows  c  and  d^  that  nega- 
tive and  positive  electricity  are  directly  opposite  to  each  other, 
and  that,  of  course,  the  wires  ought  to  attract  each  other  as 
they  are  found  to  do.  This  way  of  accounting  for  the  pheno- 
mena of  electro-magnetism  was  first  employed  by  CErsted.  It 
was  afterwards  used  by  others ;  particularly  by  Dr  WoUaston 
and  M,  Ampere,  with  much  felicity. 

M.  Arago  and  Sir  Humphrey  Davy  observed  about  the  same 
time  that  the  conducting  wire,  while  the  pile  is  in  activity, 
attracts  iron  filings ;  but  the  moment  the  contact  is  interrupted, 
the  filings  drop  off.  But  bodies  not  magnetic  are  not  attracted 
by  it ;  showing  that  the  phenomenon  cannot  be  explained  upon 
the  common  principles  of  electrical  attraction. 

4.  Since  iron,  nickel,  and  cobalt,  alone  are  capable  of  con-  Eieetridtj 
stituting  permanent  magnets,  though  every  other  metal  is  a  meuis 
magnet  as  long  as  a  current  of  electricity  is  passing  through  it,  ™Hi^<«* 
we  cannot  doubt,  that  in  every  permanent  magnet,  a  current 
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P^gtH'  of  electricity  is  passing,  as  long  as  it  retains  its 
virtue.  There  must  be  something,  therefore,  in  the 
tion  of  iron,  nickel,  and  cobalt,  different  from  that  of  otha* 
metals.  Their  elements  must  be  capable  of  such  an 
ment,  as  to  resemble  that  of  a  Voltaic  pile.  It  is  well 
that  soft  iron  cannot  be  converted  into  a  permanent 
it  must  be  combined  with  a  certain  quantity  of  carbon,  ralplnr, 
or  phosphorus.  Is  it  not  probable  that  the  iron  and 
sulphur,  or  phosphorus  correspond  with  the  copper  and 
plates  in  the  Voltaic  battery  ?  As  no  chemical 
takes  places,  we  cannot  explain  how  the  electricity  is  evolved; 
but  that  it  is  evolved,  and  that  a  constant  current  of  eloclficity 
is  passing  through  every  permanent  magnet,  has  been 
strated  by  satisfactory  experiments.  A  good  many  yean 
sparks  were  obtained  from  the  magnet,  I  believe  first  by  Mr 
Faraday,  in  the  year  1831.  They  were  afterwards  ^^^n*— ^ 
by  Messrs.  Nobili  and  Antinori,*  who  were  induced  to  expvt 
ment  on  the  subject,  from  hearing  of  the  success  of  Faraday. 
They  contrived  an  apparatus,  by  means  of  which  qMrka  migk 
be  obtained  from  the  magnet  at  pleasure.  In  the  year  ISfli^ 
siNirks  were  obtained  by  Professor  Forbes  of  Edinburgh,  before 
he  was  aware  of  the  method  practised  by  Nobili  and  Antinorit 
In  1832,  the  apparatus  was  still  farther  improved  by  the  iqm 
of  M.  Pixii,  philosophical  instrument-maker,  in  Parish 

It  consists  of  a  large  horse-shoe  magnet.  At  the  extiemitv 
of  each  pole,  not  al>solutely  in  contact  but  as  near  as  poin- 
ble,  is  placed  a  piece  of  soft  iron,  nearly  of  the  sixe  of  thepolt 
of  the  ma(;nct,  but  its  section  is  circular,  instead  of  bcinr  t 
rectangle,  like  the  extremities  of  the  magnet.  A  copper  wire^ 
covered  with  silk  thread,  is  wrapt,  in  the  form  of  a  hciiit 
round  each  piece  of  soft  iron,  so  as  to  make  a  great  many  r^ 
volutions  round  each.  The  extremities  of  these  wires  dip  iflts 
a  little  cavity  placed  before  the  apparatus,  and  attached  to  it* 
containing  mercury;  or  rather  one  dips  into  the  mercorv, 
while  the  other  is  attached  to  a  small  wheel,  composed  of  tvo 

•  Ann.  lie  Chim.  et  di*  I*hjt.  iKiii.  417. 

t  Phil.  Mag.  (third  ierio,}  i.  49. 

t  Aon.  dc  Chim.  ci  d«  Phjt.  L  3i2. 
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pieces  of  iron  wire  crossing  at  right  angles,  and  attached  to  Ch.  xvil. 
the  axis  of  the  horse-shoe  magnet,  and  moving  round  when 
that  axis  is  set  in  motion.  At  every  revolution  of  the  axis, 
the  extremities  of  the  iron  wires  dip  four  times  into  the  mercury, 
so  that  the  contact  is  renewed  and  broken  four  times  succes- 
sively at  each  revolution.  The  axis  of  the  horse-shoe  magnet 
is  fixed  horizontally,  and  connected  by  a  strap  to  a  wheel 
which  can  be  turned  rapidly  by  a  handle,  causing  the  horse- 
shoe magnet  to  revolve  rapidly  about  its  axis. 

The  pieces  of  soft  iron  surrounded  by  the  helices  of  copper 
wire  being  fixed,  when  the  magnet  revolves,  its  two  poles  come 
alternately  in  contact  with  each  piece  during  each  revolution. 
It  is  well  known  that  a  piece  of  soft  iron,  when  in  the  neighs 
bourhood  of  a  magnetic  pole,  acquires  the  same  magnetic  pro- 
perties as  that  pole.  But  as  soon  as  it  leaves  the  proximity 
of  that  pole  it  loses  its  magnetism,  and  acquires  the  opposite 
state  when  it  gets  into  the  neighbourhood  of  the  other  pole. 
Thus  the  magnetic  state  of  each  piece  of  soft  iron,  and  conse- 
quently of  the  surrounding  helices,  changes  with  each  revolu- 
tion. This  causes  a  perpetual  interruption  and  renovation  of 
the  circuit :  hence  the  sparks,  which  appear  only  when  a 
current  is  interrupted  or  renewed. 

By  this  apparatus  constant  sparks  may  be  obtained,  fine 
platinum  wire  may  be  ignited,  and  various  chemical  pheno- 
mena may  be  produced. 

5.  When  an  electric  current  passes  through  a  wire  covered 
with  silk  thread,  the  wire  becomes  a  magnet.  If  this  wire  is 
twisted  round,  in  the  form  of  a  helix,  every  revolution  consti- 
tutes a  distinct  magnet  having  two  poles.  As  these  poles  are 
always  at  the  same  extremities  of  the  portion  of  the  wire,  it  is 
obvious  ihfit  the  force  exerted  by  this  helix  must  increase  in 
proportion  to  the  number  of  turns  which  it  makes :  hence  the 
theory  of  the  Galvano-multiplier  of  Schweigger,  with  all  its 
subsequent  improvements. 

6.  It  has  been  shown  by  the  experiments  of  Biot  and  Savart, 
that  when  an  electric  current  passes  near  a  magnetic  needle,  * 
the  action  of  the  current  on  the  needle  is  inversely  as  the  dis- 
tance.    They  have  shown  also,  that  if  the  elementary  force  be 
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f>itft  11.   inversely  as  the  square  of  the  diittancc,  then  the  action  of 
long  wire  will  be  inversely  as  the  distance.* 


CHAPTER  XVIII. 

OF  DECOMPOSITIONS  BY  WEAK  ELECTRIC  CIRRENT- 


It  has  been  long  known  that  certain  metals  have  the  proper: 
of  precipitating  other  metals  from  their  solutions  in  the  mctalii 
^te.  Thus»  if  a  plate  of  copper  be  put  into  a  soludoB  c 
nitrate  of  silver,  the  copper  dissolves  while  the  silver  is  pre 
cipitated  in  the  metallic  state.  Mercury  equally  throws  dov 
silver  from  the  nitrate.  Lead  or  tin  throws  down  copper :  ao 
zinc  or  iron  is  capable  of  throwing  down  lead  and  tin.  )l 
Sylvester  first  showed,  by  some  ingenious  experiments  i 
1806,t  that  these  precipitations  were  produced  by  electn 
currents ;  that  water  was  decomposed  by  these  currents ;  an 
that  the  hydrogen  evolved  united  with  the  oxygen  of  tl 
metallic  oxide,  and  thus  caused  the  metal  to  separate  in  tk 
metallic  state. 

Kilter  had  already  observed,  in  1800,  that  these  electric: 
effects  are  still  more  sensible  when  the  circuit  is  made  t 
means  of  two  liquids  and  a  metal.}  In  1807,  UuchoLz$  nuc 
some  experiments  on  thest*  feeble  circuits,  which  desene  i 
be  noticed.  He  put  into  a  cylindrical  gla.ss  vessel,  a  soluti^' 
of  1  part  of  green  chloride  of  copper  in  4  partii  of  water ;  ok 
this  he  poured,  cautiously,  6  parts  of  water,  so  that  the  «a:< 
floated  on  the  surface  of  the  chloride.  A  iH>ljshod  plate  i 
copper,  half  an  inch  broad  and  six  inches  in  lenirth,  wju  luki 
to  pass  through  the  two  iiquidi^.  In  two  hour»  the  oo|.p< 
plate  was  covered  with  a  white  matter,  which  was  dichK*r>: 
of  copper.     lie  repeatetl  his  experiuients,  sultstitutini*  a  ix* 

•  iU*Cf]tM:rH,  ii.  4.')'i.  t    Nu*h«»l»4iii*«  J«nir.  ii\    •• , 

t  llictnirr  i\v  (tal^aiiMin  par  Sue*  alnr.  ii    1  lt> 

'j  (■clilcn's  Juiirnal,  (%rcuiM)  frrio.    v.  I.'T 
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centrated  solution  of  nitrate  of  copper,  for  the  chloride.  A  Ch.xviii 
portion  of  the  copper  plate  at  the  line  of  separation  of  the  two 
liquids  remained  brilliant  and  untarnished.  The  portion  of 
copper  above  this  line  was  covered  with  black  oxide;  the 
under  portion  of  the  plate  was  covered  with  small  grains  of 
metallic  copper.  The  result  was  the  same  when  the  water 
was  acidulated  with  nitric  acid. 

When  nitrate  of  silver  was  substituted  for  nitrate  of  copper, 
and  a  plate  of  silver  for  that  of  copper,  the  result  was  the  same. 
Metallic  silver  in  minute  cubes  was  deposited  upon  the  under 
portion  of  the  silver  plate,  and  oxide  of  silver  upon  the  upper 
portion.  Similar  experiments  were  made  with  nitrate  of  lead 
and  a  plate  of  lead,  chloride  of  zinc  and  a  plate  of  zinc,  sul- 
phate of  iron  and  a  plate  of  iron,  with  similar  results. 

In  1826  the  subject  was  taken  up  by  M.  Becquerel,*  to  Predpiu- 
whom  we  are  indebted  for  a  very  complete  investigation  of  this  metaii  oo 
interesting  subject,  and  for  applying  it  to  explain  the  numerous  ^tet.  ° 
changes  which  are  continually  occurring  in  the  metallic  veins, 
and  even  the  rocks  constituting  the  surface  of  the  earth.  Into 
a  glass  tube,  bent  in  the  form  of  a  U,  he  poured  a  solution  of 
sulphate  or  nitrate  of  copper ;  a  copper  wire  was  plunged  into 
each  leg  of  the  tube,  and  these  wires  were  brought  into  con- 
nexion with  a  small  thermo-electric  apparatus.  The  copper 
wire  connected  with  the  negative  pole  became  covered  with 
metallic  copper,  while  the  other  extremity  was  oxydized. 
Solutions  of  tin,  zinc,  silver,  and  lead,  with  wires  of  the  same 
metals  gave  similar  results.  Wires  of  platinum  and  gold  in 
the  same  solutions  produced  no  effect ;  the  case  was  differ- 
ent when  platinum  or  gold  wire  was  made  to  act  on  nitrate 
of  silver. 

From  these  facts  he  concluded,  that  by  very  feeble  electric 
forces,  metals  easily  reducible  are  precipitated  from  their  solu- 
tions, by  plates  of  the  same  metal  as  that  held  in  solution. 
Becquerel,  in  these  first  experiments,  showed  that  decomposi- 
tions of  metallic  solutions  are  produced  most  easily  by  the 
action  of  metals  the  same  with  those  held  in  solution.     He 

*  AnD.  de  Cbim.  et  de  Phys.  xxxiv.  152. 
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*^«  >'«  gave  a  description  of  a  small  apparatus,  capable  of  cootinuiac 
active  for  months,  by  means  of  which  these  decompoaitioos 
may  be  easily  induced. 

It  consists  of  two  glasses,  the  one  containing  nitric  add  aad 
the  other  a  solution  of  potash.  Into  each  of  them  b  plangtd 
a  plate  of  platinum,  to  which  a  wire  is  united ;  and  the  eo»- 
munication  between  the  two  liquids  is  established  by  means  of 
a  bent  glass  tube  filled  with  clay,  moistened  with  an  aqucow 
solution  of  common  salt.  The  reaction  of  the  acid  and  mlkaliae 
solutions  on  that  of  the  common  salt,  evolves  enough  of  dec 
tricity  to  produce  decompositions.  M.  Becquerel,  in  analyt- 
ing  these  phenomena,  discovered  that  oxygen  is  much  mam 
easily  transferable  by  electric  currents  than  sulphuric  acid. 
^^^^id"  ^'  Becquerel  prosecuted  these  interesting  investigatioDt 
aadiodidn.  with  assiduitv,  and  in  1827,  his  experiments  on  the  formatioa 
of  chlorides  and  iodides  by  weak  electric  currents,  were  read 
to  the  Academy  of  Sciences  of  Paris,  and  published  duriac 
the  same  year.*  He  found  that  when  a  neutral  salt  u 
stitutetl  for  a  metallic  salt,  these  feeble  electric  currenta 
traverse  the  liquid  when  we  employ  wires  of  gold  or  platinai 
to  complete  the  current.  With  a  wire  of  rtilver  the  current  if 
very  feeblo ;  but  with  wires  cif  zinc,  lead,  iron,  and  tin,  the 
efitH.'ts  arc  woU  marked.  This  diifen*nce  (le|H*nds  uptio  the 
easy  alteration  of  the  oxidable  nietalii,  an  alteration  which 
farilitates  the  passage  of  the  electricity  of  a  wire  into  a  tolo- 
tion. 
^IjJjjj^'  It  had  been  previously  ascertained  that  chlorides  have  a 
tendency  to  conibin«*  with  each  other  so  as  to  constitute  doohle 
chloridcs.t  Hec(|uerel  attempted  to  form  these  double  chk>- 
rides  bv  means  of  a  weak  electrical  current.  The  diffirulrv 
consists  iu  eniployinir  the  riH|uisite  electrical  force.  If  the 
intensity  is  too  trreat,  we  isolate  all  the  elements ;  if  it  is  too 
feeble  we  remove  only  one,  two,  or  three  of  the***  element*. 

*  Ann.  lie  ('him.  rt  ilc  IMiy*.  xiiv.  I*it>. 
f  Soiiu-  rhl()nil«*«.  as  l:a«  Intu  •ho«n  l»y  Mr  Iiimiki)orf, |ta«e  ihc  ch 
%tT%  of  an  uri<l.  Mini  utIuT*  iIidm*  of  b  1mm*  :  hrmv  thry  rombtnt*  %ik1  f 
i*iiin|>outHN  utLilo^Miu^  tf>  the  taltA  furnu*!]  by  tht*  union  uf  ui}  i^rn  aii^  « 
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He  put  a  plug  of  amianthus  into  the  bottom  of  a  glass  tube  Ch.xviii 
bent  into  the  shape  of  a  U.  Into  one  of  the  branches  he  put  a 
solution  of  sulphate  of  copper,  and  into  the  other  a  solution 
of  common  salt ;  then  the  communication  between  the  two 
liquids  was  completed  by  a  plate  of  copper.  In  a  short  time 
that  end  of  the  plate  which  was  plunged  into  the  sulphate  of 
copper,  became  covered  with  metallic  copper ;  on  the  other 
extremity  of  the  plate  were  deposited  octahedral  crystals  of 
the  double  chloride  of  sodium  and  copper,  which  are  decom- 
posed by  the  contact  of  water.  Similar  double  chlorides  were 
obtained  when  solutions  of  silver  and  of  other  metals  were 
substituted  for  the  sulphate  of  copper.  When  sal  ammoniac 
was  employed  instead  of  common  salt,  there  were  obtained  the 
double  chlorides  of  ammonium  and  silver,  ammonium  and  lead, 
&c. 

The  double  iodides  were  formed  in  the  same  way.     M.  .'^»w« 

iodides. 

Becquerel  put  into  one  branch  of  the  tube  a  solution  of  sul- 
phate of  copper,  into  the  other,  of  hydriodate  of  potash. 
Copper  in  the  metallic  state  was  precipitated,  as  before,  on 
the  end  of  the  lead  plate  plunged  into  the  copper  solution ; 
while,  upon  the  other  extremity  of  the  lead  plate,  long  silky 
filaments  appeared,  consisting  of  the  double  iodide  of  potassium 
and  lead* 

He  took  a  tube  shut  at  one  of  its  extremities,  put  into  the 
bottom  of  it  any  oxide — the  black  oxide  of  copper,  for  example 
—then  he  poured  over  it  a  solution  of  nitrate  of  copper,  and 
plunged  into  it  a  plate  of  copper,  descending  to  the  very 
bottom  of  the  tube.  In  a  fortnight  there  were  deposited  upon 
the  plate  of  copper,  above  the  oxide,  red  octahedral  crystals 
of  suboxide  of  copper.  With  the  subacetate  of  lead,  a  plate 
of  lead  and  litharge,  we  obtain  the  protoxide  of  lead  in  penta- 
gonal dodecahedrons,  or  in  silJLy  filaments. 

In  1829,  M.  Becquerel  prosecuted  these  experimental  in-  Suiphureu, 
Testigations,  and  succeeded  in  forming  sulphurets,  iodides,  and 
bromides,  by  similar  processes.*     He  had  conceived  the  idea, 
that  certain  compounds  had  been  formed  by  means  of  succes- 

*  Ann.  dc  Chim.  ct  de  Phys.  xlii.  2'25. 
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Fut  I  J.  give  decompositioDB ;  and  this  idea  was  verified  during  thew 
investigations.  To  obtain  sulphuret  of  silver,  such  as  it  occw 
in  nature,  he  employed  a  glass  tube,  curved  in  the  form  of  a 
U,  having  a  quantity  of  moist  clay  at  the  cunration,  in  order 
to  keep  the  two  liquids  employed  distinct.  Into  one  of  the  left 
of  the  tube  he  poured  a  solution  of  hyposulphite  of  potash, 
into  the  other  a  solution  of  nitrate  of  silver ;  and  then 
blishcd  a  communication  between  the  upper  portion  of  the  two 
liquids,  by  means  of  a  silver  wire.  A  very  weak  dectrk 
circuit  was  formed ;  the  extremity  of  the  silver  wire,  plungtd 
into  the  nitrate,  became  the  negative  pole,  and  the  other  es- 
tremity  the  positive  pole.  The  nitrate  of  silver  was 
posed,  and  the  silver  was  precipitated  in  the  metallic 
The  oxygen  and  nitric  acid  being  transferred  to  the  other  pole, 
determined  the  formation  of  a  double  hyposulphite,  the  finfi 
by  oxydizing  the  silver,  and  the  second  by  decomposing  the 
hyposulphite  ;  the  consequence  was  the  formation  of  a  doahlr 
hyposulphite  in  fine  crystals.  The  nitric  acid  still  cootinoiac 
to  come  to  that  pole,  acted  upon  the  double  hyposulphite,  de- 
composed it,  and  occasioned  the  formation  of  very  regular 
crystals  of  sulphuret  of  silver  :  hence  the  orystallization  of  tbr 
sulphuret  is  owing  to  the  slow  decomposition  of  the  doubk 
hyposulphite. 

The  eneriry  of  this  apparatus  being  very  feebl<%  tho  silver 
deposited  at  the  negative  pole  has  time  to  as^iumo  a  rrguiar 
crystalline  form.  Hy  prooeetling  in  the  same  manner*  crjsul* 
of  all  the  other  metals  may  he  obtained. 

If  for  ^ilver  and  its  nitrate,  we  substitute  copper  and  lU 
nitrate,  we  form  a  double  hyposulphite  of  ropper  and  potatk. 
which  rrystalli/cs  in  verv  fine  silkv  needles.  Kv  continuing 
the  acti(in,  this  double  salt  is  decom{)()sed, and  crystals  of  tot- 
phuret  of  ropper  with  trian<:ular  fares  are  obtainetl.  Uy  a 
similar  prcK*e^s  tlx*  oxysul|iiiuret  of  antimony  may  Ih*  fontM\i 
He  obtained,  Iikt*wis4\  sulphurets  of  tin,  lead«  mercury.  irx)c. 
and  /inc. 

liHiiilr*  M.  I{cr(|uerel  followed  tho  same  pnicrssi  in  order  to  ut^L^r 

the  uirtallir  iodides,  the  rrvstal>  wen*  verv  dislini*l.      Hf  •ul»- 
-titutrd  hydriodate  nf  pota<*li  t»r  !«nda  for  tho  alk.iliiio  h\j»*»*-  - 
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phite.     With  lead  he  obtained  first  a  double  iodide  of  lead  and  Ch.xviii 

potassium,  which  crystallized  in  very  fine  white  silky  needles. 

By  little  and  little  that  compound  was  decomposed,  beginning 

at  the  under  part  contiguous  to  the  clay.     A  great  number  of 

octahedral  crystals  were  obseryed,  of  a  golden  yellow  colour 

and  a  brilliant  appearance.     These  crystals  constituted  iodide 

of  lead.    Copper  subjected  to  the  same  treatment  gave,  at  first, 

a  double  iodide  in  white  needles ;  this  being  decomposed  in 

its  turn,  beautiful  crystals  of  iodide  of  copper  were  formed. 

M.  Becquerel  carried  these  successive  decompositions  and 
crystallizations  much  farther,  in  a  paper  read  to  the  French 
Academy,  in  January,  1830.*  It  had  been  shown  by  Davy, 
that  when  various  solutions  are  mixed  together  and  exposed 
to  electric  currents,  the  acids  and  oxygen  pass  to  the  positive 
pole,  while  the  bases  and  hydrogen  make  their  way  to  the 
negative  pole.  The  same  thing  happens  when  the  solutions 
are  put  into  two  capsules,  communicating  with  each  other  by 
moistened  amianthus.  This  always  takes  place  when  the 
electrical  force  is  great  enough  to  produce  decomposition  in 
the  solutions ;  but  if  it  be  strong  enough  to  decompose  one 
only,  then  the  elements  of  this  one  are  transported  into  the 
other  capsule,  where  they  generally  produce  modifications 
which  lead  to  the  formation  of  new  compounds. 

M.  Becquerel  in  this  paper  examines,  in  the  first  place,  the  HouWe 
case  when  the  metal  found  at  the  positive  pole  of  a  solution, 
concurs  by  the  reaction  of  its  oxide  to  the  formation  of  com- 
pounds. He  took  two  glass  vessels ;  into  the  one  he  poured 
a  solution  of  sulphate  of  copper,  and  into  the  other  an  alcoholic 
solution  of  sulpho-carbonate  of  potash.  The  communication 
was  established  between  these  glasses  by  means  of  an  inverted 
glass  syphon,  filled  with  clay  moistened  with  a  solution  of 
nitrate  of  potash,  and  by  means  of  an  arc  composed  of  two 
plates  of  copper  and  lead — the  copper  dipping  into  the  sul- 
phate, and  the  lead  into  the  sulpho-carbonate.  An  electrical 
current  is  produced  by  this  arrangement,  which  acts  in  the 
following  manner: — Copper  is  precipitated  in  the  glass  con- 

*  Ann.  (Ic  Chim.  ct  dc  Phys.  xliii.  131. 
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y*^  '  >'  taining  the  sulphate.  Bicarbonate  of  potash  U  deposited  ■ 
crystak  on  the  sides  of  the  vessel  containing  the  sulpho^cw- 
bonate*  A  double  sulpho-carbonate  of  lead  and  pouih  is 
deposited  in  the  same  vessel,  in  acicular  crjstals,  together 
with  carbonate  of  lead,  and  probably  sulphate  of  potash,  sad 
sulphate  of  lead.  Finally,  octahedral  crystak  of  sulphnr 
with  rhomboidal  bases,  were  also  deposited.  In  this  ezperv- 
ment,  the  property  which  sulphuric  acid  possesses  of  separat- 
ing the  weaker  acids  from  the  bases  with  which  they 
united,  exerts  its  force  only  in  consequence  of  the  fctHAi 
of  the  electric  current.  Were  its  energy  greater,  all  the 
acids,  without  distinction,  would  be  transferred  to  the  positive 
pole. 

M.  Becquerel  gives  a  description  of  an  apparatus  which 
allows  the  experimentei:  to  avoid  or  employ  at  pleasure  the 
reaction  of  metallic  oxides.  It  may  be  worth  while  to  give  the 
reader  an  idea  of  this  apparatus: — It  consists  of  three  glass 
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cylindrical  vo9m*1s,  A  A'  A' ,  pJAcoil  near  each  other  upcm  the 
same  horizontal  plane.  The  first  is  tilled  with  a  :M>liition  at 
nulphate  or  nitrate  of  rop]KT ;  the  lu^cond,  with  a  sulutioo  of 
the  substance  on  the  constituents  t^f  which  vie  wish  to  o|ta*ratr. 
and  the  third,  with  water  rendered  uli^htly  conductinir  by  \ht 
addition  of  an  acid,  or  of  common  salt.  A  commuiiicatr* 
with  A'  by  means  of  a  bent  tube,  n  (f  r,  filled  with  i  lav  m*:t- 
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tened  with  a  saline  solution,  the  nature  of  which  depends  cilXVIH 
upon  the  effect  which  we  wish  to  produce  in  A'.  A'  and 
A'  communicate  by  means  of  a  plate  of  platinum  or  gold, 
d  G^  d.  And  finally,  A  and  A'^  are  united  by  two  metals 
composed  of  two  plates,  Mc  and  Mz,  of  copper  and  zinc. 
Finally,  a  tube  of  safety,  ^  ^,  is  placed  in  the  glass  vessel  A', 
to  indicate  the  pressure  produced  by  the  evolution  of  gas. 
From  this  disposition,  the  extremity  d  of  the  plate  of  plati- 
num is  the  positive  pole  of  a  small  electric  pile,  the  action  of 
which  is  slow,  but  constant.  When  the  liquid  contained  in 
A'  is  a  good  conductor,  the  intensity  of  the  current  is  suffi- 
cient to  decompose  the  sulphate  of  copper  in  A.  When  the 
oxygen  passes  to  a',  as  well  as  the  sulphuric  acid,  which  in 
passing  into  the  tube  a  G  c,  disengages  sometimes  the  acids 
which  have  less  affinity  than  it  has  for  the  bases  with  which 
they  are  combined,  all  the  elements  pass  into  the  liquid  A% 
where  their  slow  action  on  each  other  occasion  different 
charges. 

Sometimes  it  is  necessary  to  place  a  fourth  glass  cylinder 
between  A  and  A.  Into  it  a  sufficient  quantity  of  the  saline 
solution  to  be  decomposed  by  the  sulphuric  acid  is  put,  so 
that  the  effects  produced  in  the  liquid  A'  may  not  be  inter- 
rupted when  ail  the  salt  in  the  moist  clay  is  decomposed.  In 
this  case,  when  we  wish  to  transfer  an  electro-negative  gas, 
or  a  nascent  acid,  into  the  liquid  in  A,  it  will  be  sufficient  to 
place  in  the  clay  a  solution,  which  by  its  reaction  on  the  sul- 
phuric acid  coming  from  the  decomposition  of  the  sulphate  of 
copper,  allows  that  gas,  or  that  acid,  to  be  disengaged.  But 
if  the  object  be  to  transport  hydrogen,  or  an  electro-positive 
gas,  we  must  reverse  the  means  of  communication,  and  put 
a  G'  c  in  place  of  the  tube  a  G  c.  Finally,  if  we  replace  the 
platinum  plate  by  a  plate  of  an  oxydisable  metal,  we  introduce 
into  the  solution  the  reaction  of  an  oxide,  which  being  in  a 
nascent  state,  concurs  in  the  formation  of  the  products. 

An  example  or  two  will  serve  to  render  the  use  of  this 
apparatus  familiar.  Into  the  glass  cylinder  A'  was  put  an 
alcoholic  solution  of  sulpho-carbonate  of  potash,  into  the  glass 
A,  a  solution  of  sulphate  of  copper,  and  into  the  clay  of  the 
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Ptert  11.  tube  a  G  c,  a  solution  of  nitrate  of  potaah.  lo  tweoty-fin 
hours  the  reaction  of  the  oxygen,  and  of  the  nitric  acid»  e 
the  solution  of  the  sulpho-carbonate  of  potash  was  anwiWf 
for  upon  the  platinum  plate  were  observed  crjstab  of  snlpkn 
and  of  bicarbonate  of  potash. 

When  we  substitute  for  the  alcoholic  solution  of  snlpkc 
carbonate  of  potash,  an  aqueous  solution  of  sulpho-carboost 
of  barytes,  analogous  reactions  become  sensible ;  sulphor  i 
precipitated  in  small  crystals,  and  sulphate  of  barytea  cryitol 
lizes  in  prismatic  needles. 
Cmtaifof  In  1831,  M.  Becqucrcl  discovered  a  method  of  obuiaiaj 
^liiMoL  artificial  crystak  of  carbonate  of  lime.*  Cruikshanks  aai 
uincd.  Daniell  had  observed  that  when  we  expose  to  the  air  a  sob 
tion  of  sugar  and  lime,  in  a  large  open  vessel,  the  swiw 
becomes  covered  with  small  crystals,  which  fall  to  the 
of  the  vessel,  and  are  speedily  replaced  by  others, 
were  crystals  of  carbonate  of  lime ;  but  the  mode  of  thai 
formation  was  disputed.  M.  Becquerel  took  a  glass  tak 
bent  into  the  form  of  a  U,  at  the  curvature  of  which  a  phc 
of  cotton  was  placed  to  separate  the  two  liquids  from  ssdi 
other.  Into  the  legs  of  this  syphon,  he  poured  a  solutioo  d 
1  part  of  lime,  and  16  parts  of  su^r,  iu  100  parts  of  water. 
Into  each  leg  of  the  syphon  was  plunged  a  plate  of  platinua. 
communicating  with  the  poles  of  a  Voltaic  batter}-,  cbarvec 
with  a  weak  solution  of  common  salt,  containing  one  per  rent, 
of  sulphuric  acid.  Finally,  all  the  0|>enings  of  the  tubes  vcrr 
carefully  shut  in  order  to  exclude  the  common  air.  Tk 
reactions  were  such  that  carbonate  of  lime,  partly  in  cr}*tak 
was  precipitated  upon  the  positive  plate :  hence  it  is  cWar, 
that  the  formation  of  the  carbonate  must  have  been  nvingu 
the  decomposition  of  the  sugar ;  hut  the  subject  was  aftrr 
wards  examined  by  M.  Pelouze,  who  showed  that  the  oai; 
u>c  of  the  susrnr,  in  the  ex|>crtnients  of  Ouikslianki  i» 
Daniell,  was  to  increase  the  s^olubility  of  the  lime,  and  thi 
the  (*arl>onir  acid  of  the  carlionate  came  frt»m  the  atmotfpbrn 
M.  Hecquerel  was  induced  by  thcs4*  ex]MTiment»  to  ioTe< 

*  Ann.  lii   Cliiiii.  rt  iK-  rh%«   \l«ii   :i 
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gate  the  action  of  sugar  and  mucilage  on  metallic  oxides,  by  Ch.xviii 
the  interrention  of  alkalies  and  earths  ;*  and  we  may  notice  Action  of 
his  results  though  the  subject  is  not  connected  with  electric  '^  jp 
currents.     K  we  mix  oxide  of  copper,  newly  precipitated,  copper, 
with  lime  and  water,  and  apply  heat,  the  oxide  becomes  black, 
being  rendered  anhydrous.     If  we  add  a  little  common  sugar, 
a  portion  of  the  oxide  dissolves,  and  the  liquid  assumes  a  blue 
colour,  similar  to  that  of  a  solution  of  oxide  of  copper  in 
ammonia.     Honey  and  sugar  of  milk  have  the  same  property. 
Potash  and  soda  behave  precisely  as  lime  does,  excepting 
only  that  their  dissolving  power  is  greater.     Barytes  and 
strontian  possess  that  property  only  feebly.     Thus,  potash, 
soda,  and  lime,  have  the  property  of  dissolving  oxide  of  cop- 
per, even  without  heat,  when  any  sugar  exists  in  the  solution ; 
a  character  which  may  enable  us  to  recognise  the  presence  of 
sugar  in  solutions  of  organized  substances.     Gum  possesses 
no  such  property.     Gum  has  the  power  of  precipitating  gum 
when  added  to  a  solution  of  gum  containing  an  alkali  or  an 
earth. 

Experience  having  proved  that  the  affinity  of  a  body  for  ^^tdS!^ 
another  greatly  facilitates  electro-chemical  decompositions, 
Becquerel  employed  this  principle  to  reduce  oxide  of  iron, 
magnesia,  zirconia,  and  glucina.t  He  conceived  from  reflect- 
ing on  the  chemical  reactions  which  take  place  in  living 
animals,  that  vitality  developes  peculiar  electric  forces,  which, 
though  feeble  in  appearance,  produce  nevertheless  effects 
which  can  only  be  obtained  by  affinities  of  a  certain  energy. 
One  of  the  methods  of  giving  probability  to  this  opinion,  is  to 
prove  that  we  can  produce  in  inorganic  compounds,  energetic 
chemical  effects,  with  feeble  electric  forces.  He  took  two 
glass  tubes,  containing  each  in  its  bottom  a  quantity  of  pure 
clay,  and  plunged  half  way  into  a  vessel  filled  with  water. 
Into  the  first  he  poured  a  solution  of  nitrate  of  copper,  and  by 
a  plate  of  platinum  connected  it  with  the  positive  pole  of  a 
Voltaic  trough  of  thirty  pairs.  Into  the  second  tube,  con- 
nected in  the  same  way  with  the  negative  pole,  was  put  a 

*   Ann.  dc  Chiin.  et  de  Phys.  xlvii.  13.  f  I1)ifl.  xlviii.  337. 
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Vmn  II.  solution  of  coininon  salt.  In  this  case  water  alone  was  deeo»- 
posed,  and  not  nitrate  of  copper.  The  reason  obrioiulT  wai 
that  the  oxide  of  copper  could  not  be  transported  throofrh  tk 
pure  water,  because  it  could  not  form  in  that  liquid  a  solaUr 
compound.  If  we  operate  in  the  inverse  manner,  that  is,  H 
we  put  the  nitrate  of  copper  into  the  negative  tube,  decom- 
position takes  place;  the  copper  being  deposited  upon  tk 
negative  pole,  and  the  acid  transported  through  the  liquid  t» 
the  positive  pole. 

If  we  pour  into  a  noprative  tube  a  solution  of  sulphate  of 
copper,  and  into  the  positive  tube  a  solution  of  nitrate  of  poi* 
ash,  the  nitric  acid  is  disengaged  in  this  last  tube ;  the  poUsk 
in  passing  to  the  negative  tube  acts  on  the  sulphate  of  copper, 
separating  a  portion  of  the  oxide  of  copper,  which  is  redurrd, 
and  occasions  the  double  sulphate  of  copper  and  potash  wUek 
crystallizes.  As  long  as  sulphate  of  copper  remains  to  he 
decomposed,  and  as  there  is  a  sufficient  quantity  of  nitrate  of 
potash  in  the  positive  tube,  the  sulphuric  acid  is  not  tns^ 
ported  into  that  tube;  but  as  soon  as  the  double  sulphtfff 
begins  to  be  decomposed,  its  presence  there  may  be  leudcfd 
sensible  by  nitrate  of  barytes.  We  may  lay  it  down  af  s 
general  rule,  that  when  two  salts  arc  in  solution,  the  o-^ 
soluble  is  always  decomposed  in  preference  of  the  othrr. 

It  was  supposed  at  fir^i  that  pretty  stroncr  electric  currrcti 
were  necessary  to  decompose  solutions  of  mangnne^.  nnc, 
iron,  tin,  and  arsenic,  and  to  obtain  a  certain  quantity  of  tbf 
reduced  metal  at  the  negative  pole.  The  solutions  of  titAS- 
ium,  nickel,  cobalt,  uranium,  and  chromium,  offered  at  fin: 
no  sensible  traces  of  decomposition ;  but  M.  Ikvquerel  «M«n 
discovered  that  the  presence  of  water  was  an  obstacle  to  tbf 
de<'omposition  of  these  salts,  esperially  when  the  oxyiren  lJ 
the  water  has  less  affinity  for  the  hydrogen  than  it  has  U^  iht 
metal.  When  this  was  the  ca^te,  water  alone  mi^zht  U*  J«>n>s- 
pO!»ed.  On  this  account  it  was  necessary  to  nnplov  ^rn 
concentrated  solutions,  or  sometimes  the  «)xide:»  thomselie 
slightly  moistened. 

Kven  the»*e  precaution:*  are  not  suffirient  nhon  «e  Bi«:i  ! 
reduce  refrartor\    oxidei*.      We  inu^t   then  li.i\e  r»tiMir*«'  • 
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another  method.  WTien  the  hydrogen  gas  arrives  at  the  CiuXViH 
negative  pole,  it  must  exert  there  a  reducing  power  so  much 
the  more  energetic  the  longer  it  remains  in  the  state  of 
nascent  gas,  a  state  the  most  favourable  possible  to  chemical 
action.  The  less  rapid  the  current  of  gas  disengaged  is,  the 
longer  will  it  remain  in  the  nascent  state.  But  this  requires 
a  weak  electric  current :  hence  a  certain  degree  of  electric 
force  will  be  more  successful  in  reducing  these  refractory 
metals,  than  a  stronger  one  would  be. 

Guided  by  these  theoretical  considerations,  Becquerel  re- 
duced from  these  solutions,  and  with  an  exceedingly  weak 
force,  iron,  zirconium,  glucinum,  and  magnesium,  in  crystab 
or  crystalline  plates. 

To  reduce  iron  to  the  metallic  state,  he  employed  a  battery 
of  five  or  six  pairs,  feebly  charged,  or  even  of  a  single  piur. 
He  made  use  of  two  tubes  arranged  as  formerly  described. 
Into  the  negative  tube  he  poured  a  solution  of  the  protosuU 
phate  of  iron,  and  into  the  other  a  solution  of  common  salt ; 
and  the  battery  was  so  weakly  charged  that  the  evolution  of 
gas  was  scarcely  sensible.  The  soda  and  hydrogen  passed 
into  the  negative  tube.  The  alkali  uniting  with  the  sulphuric 
acid,  formed  a  double  sulphate  of  iron  and  soda ;  while  the 
hydrogen  reacting  on  the  oxide  at  the  instant  of  its  precipita- 
tion, occasioned  its  reduction.  The  iron  is  deposited  upon  the 
negative  plate,  sometimes  in  very  small  crystals,  sometimes 
as  if  it  had  been  in  fusion,  (especially  when  the  action  is  very 
slow,)  and  sometimes  in  small  round  tubercles  more  or  less 
crystalline.  ^Mlen  the  plate  is  covered  with  crystals  symme- 
trically arranged,  it  possesses  magnetic  polarity,  owing  doubt- 
less to  the  want  of  continuity  in  the  particles  of  iron ;  for  the 
permanency  of  the  magnetic  properties  of  steel  is  probably 
owing  to  the  interposition  of  the  particles  of  carbon,  which 
prevents  the  two  kinds  of  magnetism  from  combining  together 
after  haring  been  separated. 

Magnesia  is  reduced  with  more  difficulty  than  iron.  Bee- 
qaercj  was  obliged  to  employ  a  battery  of  thirty  pairs  of 
plates.  He  put  into  the  negative  tube  chloride  of  magnesium ; 
which  having:  been  formed  in  a  silver  vessel,  contained  a  small 
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Pwt  IK  quantity  of  that  metal,  which  wat»  favourable  to  the  soeeeH  el 
the  process.  There  was  first  formed  upon  the  platinam  plati 
a  grey  deposite,  then  tubercles  of  the  same  colour,  and  finalh, 
octahedral  crystals  of  a  silver-white  colour,  possessing  all  tk 
characters  of  magnesium. 
Craienu-  ^f,  Becquerel  employed  electric  currents  to  explain  ham 
pUincd.  iron  is  converted  into  steel  by  the  process  of  cewtaUoHom^  aDd 
how  in  many  rocks  the  elements  are  transferred  from  withis 
to  without,  and  replaced  by  others  without  any  loss  of  soii£ty 
being  the  consequence.  Nature  must  employ  forces  eapshle 
of  transporting  these  elements  in  two  different  directions,  sad 
to  great  distances.  Now,  electric  currents  supply  all  the 
forces  necessary  to  produce  such  effects. 

When  iron  and  charcoal  are  in  contact  at  the  temperatvr 
of  ignition,  if  we  bring  both  of  these  bodies  in  contact  with  si 
electro-multiplier,  we  shall  find  that  a  strong  electric  cumn 
exists,  which  passes  from  the  iron  into  the  charcoal — the  ssar 
direction  as  that  of  the  current  produced  by  the  combinatisi 
of  iron  with  oxygen,  or  of  a  base  with  an  acid.  By  meaM  rf 
this  current,  the  particles  of  carbon  are  transferred,  at  a  f«l 
beat,  into  the  interior  of  the  iron,  and  thus  the  iron  hecowi 
steel. 
Cryaiaitof  In  1^32,  M.  Bccquerel  showed  how,  by  means  of  eierthr 
^',J|j/*  currents,  crystals  of  metallic  oxides  might  lie  obtained.*  Ti« 
dissolve  the  oxides  he  employed  peroxide  of  potassium,  whirK 
in  consequence  of  its  high  degree  of  oxidation,  ranoot  ht 
capable  of  forming  with  these  oxides  combinations  so  lUblc 
as  those  with  potash,  which  is  a  more  energetic  ba^io. 

When  potash  is  melted  in  an  o|>en  silver  crucible,  it  loiei  i 
part  of  its  water,  and  abtforbd  oxygen  from  the  atmospbcrr, 
forming  peroxide  of  potash,  which  is  decomposed  by  wster, 
oxy^rn  iras  l>eing  diseniraged.  If  we  put  into  a  silver  crucib^ 
half  a  irruinine  of  black  oxide  of  copper,  with  t«i»  or  thrr^ 
grammes  of  caustir  |>ota5li,  prepared  by  means  of  alrohoK  anJ 
keep  its  temperature  for  a  few  minutes  at  incipient  iirnitit-iv 
the  oxide  of  copper  will  be  rompletely  dissolved.      When  \hi 
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solution  cools,  oxygen  gas  is  disengaged,  flocks  of  black  oxide  Ch.xvm 
of  copper  are  disengaged,  and  small  crystals  of  anhydrous 
black  oxide  are  formed,  some  of  which  have  sometimes  a 
length  of  several  millimeters. 

When  the  crucible  is  kept  for  some  time  in  a  red  heat,  the 
black  oxide  of  copper  is  changed  into  red  oxide,  which  is 
obtained  in  small  crystals  of  a  brick- red  colour. 

When  protoxide  of  lead  is  substituted  for  black  oxide  of 
copper,  we  obtain  that  protoxide  crystallized  in  small  cubes  or 
square  plates,  provided  the  crucible  be  kept  only  a  very  short 
time  at  an  incipient  red  heat.  If  the  red  heat  be  continued 
for  some  time,  the  protoxide  of  lead  passes  into  the  peroxide, 
which  crystallizes  in  hexagonal  plates  of  a  flea-brown  colour. 
Phosphate  and  sulphate  of  lead  treated  in  the  same  way  are 
completely  decomposed,  while  crystals  of  protoxide  and  per- 
oxide of  lead  are  formed.  By  the  same  process  the  oxide  of 
cobalt  may  be  obtained  in  square  plates,  and  the  oxide  of  zinc 
in  needles  of  a  dirty  yellow  colour. 

It  has  been  often  remarked,  that  in  chemical  operations  the 
waUs  of  the  vessel  have  an  influence  on  the  reactions.  M. 
Becquerel  attempted  to  ascertain  the  nature  of  this  influence.* 
He  took  a  narrow  glass  tube,  open  at  both  extremities,  and 
introduced  by  one  end  a  quantity  of  calcined  oxide  of  cobalt 
reduced  with  water  into  a  very  fine  paste.  The  aperture 
waa  then  closed,  a  silver  wire  introduced  into  the  tube,  and 
the  upper  portion  of  it  filled  with  a  solution  of  chloride 
of  chromium.  After  a  fortnight  small  dendritical  metallic 
crystals  began  to  be  perceived  on  the  inferior  part,  and  on 
the  surface  of  the  tube.  He  obtained  the  same  efiect  without 
employing  the  silver  wire.  The  oxide  of  cobalt,  which  is  not 
earily  reduced  by  the  action  of  Voltaic  electricity,  yields  in 
this  instance  to  a  current  apparently  feeble,  but  which,  how- 
ever, must  possess  considerable  energy. 

The  inner  surface  of  the  tube  must  have  exercised  a  great 
influence,  as  the  reduction  took  place  above.  In  the  slow 
action  of  the  chloride  of  chromium  on  the  oxide  of  cobalt, 

*  Ann.  de  Chim.  et  de  Phys.  Hi.  243. 
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PtotH.  electricity  was  disengaged.  The  two  fluids  mutt  baTe  unili 
along  the  inner  surface  of  the  tube,  which  senred  to  eslaUii 
the  poles  of  the  small  battery. 

M.  Becquerel's  next  attempt  was  to  obtain  sulphurets  I 
other  processes.^  He  experimented  chiefly  on  sulpborcts  ( 
lead  and  of  antimony.  Into  a  tube  of  glass,  shut  at  one  cm 
he  put  a  quantity  of  sulphuret  of  mercury ;  OTer  it  was  poof 
a  solution  of  chloride  of  magnesium,  and  a  metallic  plate  < 
lead  was  passed  through  the  solution  to  the  rery  botloia  < 
the  tube.  The  tube  was  now  scaled  hermetically,  and  it 
contents  left  to  the  slow  action  of  the  electric  current  induct 
by  their  mutual  action  on  each  other.  In  about  six  weeks 
thin  metallic  film  began  to  be  perceired  on  the  inner  surisc 
of  the  tube,  just  above  the  sulphuret  of  mercury.  This  ib 
detached  itself,  and  its  inner  side  was  studded  with  tcCn 
hedral  crystals  of  pure  sulphuret  of  lead.  On  opening  tk 
.  tube,  a  gas  was  disengaged,  having  the  odour  belonging  I 
combinations  of  sulphur  with  chlorine  and  hydrosren.  Aoti 
mony  subjected  to  a  similar  treatment,  also  furnished  rrystaii 
but  their  nature  was  not  so  accurately  determined,  thovr 
probably  they  were  sulphuret  of  antimony. 

Such  arc  the  most  important  of  the  experiments  made  Ir 
M.  Becquerel  to  form  a  great  number  of  combinatioof  sb 
decompositions  by  means  of  weak  electric  currents.  At  tb 
meeting  of  the  Kritish  Association  held  at  Bristol  in  \M 
Andrew  Croi<se,  Esq.,  read  to  the  chemical  section  the  reisl 
of  a  set  of  similar  experiments,  on  which  he  had  bt^n  rniracv* 
for  several  years.  Without  l>einfr  aware  of  what  had  hen 
previously  done  by  M.  Kecqucrel,  Mr  (^rosse  had  obtains 
nianv  similar  results,  and  came  to  simikr  conclusions  1 
will  1)0  sufficient  if  we  state  here  the  general  result  of  Mi 
Crosse's  investigations. 

EiprrU  In  the  neighbourhood  of   Hroomfiold,   in    Soniert^tihirr. 

Mr  OuMT.  there  is  a  cavern,  the  roof  of  Hhich  is  partly  studded  «i'^ 
arra^onite  and  calcareous  spar  in  fine  crystals,  llie  «>*'* 
wbirh  flows  from  that  roc»f  contains  in  the  quart  about  tcs 

*  Ann.  <lo  C'him.  «C  de  l*h\ft.  lin.  likj. 
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8  of  iron  wire  crossing  at  right  angles,  and  attached  to  Ch.  xvil. 
xis  of  the  horse-shoe  magnet,  and  moving  round  when 
axis  is  set  in  motion.     At  every  revolution  of  the  axis, 
xtremities  of  the  iron  wires  dip  four  times  into  the  mercury, 
at  the  contact  is  renewed  and  broken  four  times  succes- 
jT  at  each  revolution.     The  axis  of  the  horse-shoe  magnet 
:ed  horizontally,  and  connected  by  a  strap  to  a  wheel 
h  can  be  turned  rapidly  by  a  handle,  causing  the  horse- 
magnet  to  revolve  rapidly  about  its  axis, 
he  pieces  of  soft  iron  surrounded  by  the  heUces  of  copper 
being  fixed,  when  the  magnet  revolves,  its  two  poles  come 
nately  in  contact  with  each  piece  during  each  revolution, 
well  known  that  a  piece  of  soft  iron,  when  in  the  neigh- 
hood  of  a  magnetic  pole,  acquires  the  same  magnetic  pro- 
es  as  that  pole.     But  as  soon  as  it  leaves  the  proximity 
at  pole  it  loses  its  magnetism,  and  acquires  the  opposite 
!  when  it  gets  into  the  neighbourhood  of  the  other  pole, 
s  the  magnetic  state  of  each  piece  of  soft  iron,  and  conse- 
tly  of  the  surrounding  helices,  changes  with  each  revolu- 
This  causes  a  perpetual  interruption  and  renovation  of 
circuit:   hence  the  sparks,  which  appear  only  when  a 
ent  is  interrupted  or  renewed. 

J  this  apparatus  constant  sparks  may  be  obtuned,  fine 
num  wire  may  be  ignited,  and  various  chemical  pheno- 
%  may  be  produced. 

When  an  electric  current  passes  through  a  wire  covered 
silk  thread,  the  wire  becomes  a  magnet.  If  this  wire  is 
ted  round,  in  the  form  of  a  helix,  every  revolution  consti- 
I  a  distinct  magnet  having  two  poles.  As  these  poles  are 
ys  at  the  same  extremities  of  the  portion  of  the  wire,  it  is 
ous  that  the  force  exerted  by  thb  helix  must  increase  in 
ortion  to  the  number  of  turns  which  it  makes :  hence  the 
ry  of  the  Galvano-multiplier  of  Schweigger,  with  all  its 
equent  improvements. 

It  has  been  shown  by  the  experiments  of  Biot  and  Savart, 
when  an  electric  current  passes  near  a  magnetic  needle, 
au^tion  of  the  current  on  the  needle  is  inversely  as  the  dis- 
e.     Tbev  have  shown  also,  that  if  the  elementarv  force  be 

2l 
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FvtlL   inversely  as  the  square  of  the  distance,  then  the  action  < 
long  wire  will  be  inversely  as  the  distance.* 


..1-.' 


CHAPTER  XVIII. 

OF  DECOMPOSITIONS  BY  WEAK  ELECTRIC  CIRREN 


It  has  been  long  known  that  certain  mctak  have  the  propi 
of  precipitating  other  metals  from  their  solutions  in  the  meU 
state.     Thus,  if  a  plate  of  copper  be  put  into  a  sdutiai 
nitrate  of  silver,  the  copper  dissolves  while  the  silver  is  | 
cipitated  in  the  metallic  state.     Mercury  equally  throws  ii 
silver  from  the  nitrate.     Lead  or  tin  throws  down  copper ;  ; 
zinc  or  iron  is  capable  of  throwing  down  lead  and  tin. 
Sylvester  first  showed,  by  some  ingenious   experimeiit* 
1806,t  that  these  precipitations  were  produced  by  dect 
currents ;  that  water  was  decomposed  by  these  currents;  i 
that  the  hydrogen  evolved  united  with  the  oxyircn  of 
metallic  oxide,  and  thus  caused  the  metal  to  separate  in 
metallic  state. 

Kittcr  had  already  observed,  in  1800,  that  these  cicctr 
effects  are  still  more  sensible  when  the  circuit  is  made 
means  of  two  liquids  and  a  mctal.t  In  1807,  Buohuli§  m 
some  experiments  on  these  feeble  circuits,  which  deserve 
be  noticed.  He  put  into  a  cylindrical  gloss  vessel,  a  solus 
of  1  part  of  green  chloride  of  copper  in  4  parts  uf  water  ;  o 
this  he  poured,  cautiously,  (>  parts  of  water,  so  that  the  vi 
floated  on  the  surface  of  the  chloride.  A  |H)liJ»ht^l  pUu 
copper,  half  an  inch  broad  and  six  inches  in  loni;th«  mas  m 
to  pass  throujirh  the  two  liquids.  In  two  hour?  the  cti; 
plate  was  covered  with  a  white  matter,  which  wa:»  dicbl«  i 
of  copper,     lie  rei>eated  his  ex]H?ri  mentis  ^*ub^lxtut  in;;  a* 

•  IJ<T<jucTcl,  ii.  4-l*J.  t    Nicho|««in'«  JiHir.  ti%    Vi 
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centrated  solution  of  nitrate  of  copper,  for  the  chloride.  A  Ch.xviii 
portion  of  the  copper  plate  at  the  line  of  separation  of  the  two 
liquids  remained  brilliant  and  untarnished.  The  portion  of 
copper  above  this  line  was  covered  with  black  oxide;  the 
under  portion  of  the  plate  was  covered  with  small  grains  of 
metallic  copper.  The  result  was  the  same  when  the  water 
was  acidulated  with  nitric  acid. 

When  nitrate  of  silver  was  substituted  for  nitrate  of  copper, 
and  a  plate  of  silver  for  that  of  copper,  the  result  was  the  same. 
Metallic  silver  in  minute  cubes  was  deposited  upon  the  under 
portion  of  the  silver  plate,  and  oxide  of  silver  upon  the  upper 
portion.  Similar  experiments  were  made  with  nitrate  of  lead 
and  a  plate  of  lead,  chloride  of  zinc  and  a  plate  of  zinc,  sul- 
phate of  iron  and  a  plate  of  iron,  with  similar  results. 

In  1826  the  subject  was  taken  up  by  M.  Becquerel,*  to  Predpite- 
whom  we  are  indebted  for  a  very  complete  investigation  of  this  met»u  on 
interesting  subject,  and  for  applying  it  to  explain  the  numerous  J^^tet.  ^ 
ohanges  which  are  continually  occurring  in  the  metallic  veins, 
and  even  the  rocks  constituting  the  surface  of  the  earth.  Into 
a  glass  tube,  bent  in  the  form  of  a  U,  he  poured  a  solution  of 
sulphate  or  nitrate  of  copper ;  a  copper  wire  was  plunged  into 
each  l^  of  the  tube,  and  these  wires  were  brought  into  con- 
nexion with  a  small  thermo-electric  apparatus.  The  copper 
vire  connected  with  the  negative  pole  became  covered  with 
metallic  copper,  while  the  other  extremity  was  oxydized. 
Solutions  of  tin,  zinc,  silver,  and  lead,  with  wires  of  the  same 
metals  gave  similar  results.  Wires  of  platinum  and  gold  in 
the  same  solutions  produced  no  effect ;  the  case  was  differ- 
ent when  platinum  or  gold  wire  was  made  to  act  on  nitrate 
of  silver. 

From  these  facts  he  concluded,  that  by  very  feeble  electric 
forces,  metals  easily  reducible  are  precipitated  from  their  solu- 
tions, by  plates  of  the  same  metal  as  that  held  in  solution. 
Becquerel,  in  these  first  experiments,  showed  that  decomposi- 
tions  of  metallic  solutions  are  produced  most  easily  by  the 
action  of  metals  the  same  with  those  held  in  solution.     He 

*  Ann.  de  Chim.  et  de  Phys.  ixxir.  152. 
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P>Mt  n.  gave  a  description  of  a  small  apparatus,  capable  of  coDtiimiig 
active  for  months,  by  means  of  which  these  decompositMS 
may  be  easily  induced. 

It  consists  of  two  glasses,  the  one  containing  nitric  addaDd 
the  other  a  solution  of  potash.     Into  each  of  them  is  plaaged 
a  plate  of  platinum,  to  which  a  wire  is  united ;  and  the  eoa- 
munication  between  the  two  liquids  is  established  by  meaas  sf 
a  bent  glass  tube  filled  with  clay,  mobtened  with  an  aqoeoai 
solution  of  common  salt.    The  reaction  of  the  acid  and  alkaSit 
solutions  on  that  of  the  common  salt,  evolves  enough  of  dsc 
tricity  to  produce  decompositions.     M.  Becquerel,  in  aiialy»* 
ing  these  phenomena,  discovered  that  oxygen  is  much 
easily  transferable  by  electric  currents  than  sulphuric 
^^dburid*       ^*  Becquerel  prosecuted  these  interesting  invt 
and  iodides,  with  assiduity,  and  in  1827,  his  experiments  on  the  formalisi 
of  chlorides  and  iodides  by  weak  electric  currents,  were  tmi 
to  the  Academy  of  Sciences  of  Paris,  and  published  dutwf 
the  same  year.^  '  He  found  that  when  a  neutral  salt  is 
stituted  for  a  metallic  salt,  these  feeble  electric  cnrrenta 
traverse  the  liquid  when  we  employ  wires  of  gold  or  platiMV 
to  complete  the  current.     With  a  wire  of  silver  the  current  ii 
very  feeble ;  but  with  wires  of  zinc,  lead^  iron,  and  tin,  tbr 
effects  are  well  marked.     This  difference  depends  upon  the 
easy  alteration  of  the  oxidable  metaU,  an  alteration  wkich 
facilitates  the  passage  of  the  electricity  of  a  wire  into  a  sols> 
tion. 
^JjJjjW*        It  had  been  previously  ascertained  that  chlorides  bait  i 
tendency  to  combine  with  each  other  so  as  to  i*onstitute  dooUe 
chlorides.f     B(H;querel  attempted  to  form  these  double  cbl»» 
rides  bv  means  of  a  weak  eli*ctrical  current.     ITie  diScuhi 
consists  in  employing  the  requisite  electrical  force.      If  tbr 
intensity  is  too  trreat,  we  isolate  all  the  elements ;  if  it  is  ipo 
feeble  we  remove  only  one,  two,  or  three  of  these  elements. 

•  Ann.  dc  Chim.  ct  dc  l^hvt.  iiiv.  12ti. 
t  Some  chloridrn,  a«  hsu^  Ut-n  »hown  hv  Mr  IktnMltvf,  ha«r  tile  ci>anc> 
tm  of  an  ac-itl.  and  othm  th<Hc  uf  a  \xue  :  (>ence  tta-y  rombiiNr  mr^i  f^r^ 
rom|K>undft  iiiial(>|rou«  to  the  aalu  fortnrd  bv  the  union  of  01%  ^rn  *i  id»  «'*i 
oiTgrn  batr^. 
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He  put  a  plug  of  amianthus  into  the  bottom  of  a  glass  tube  Ch.xviii 
bent  into  the  shape  of  a  U.  Into  one  of  the  branches  he  put  a 
solution  of  sulphate  of  copper,  and  into  the  other  a  solution 
of  common  salt ;  then  the  communication  between  the  two 
liquids  was  completed  by  a  plate  of  copper.  In  a  short  time 
that  end  of  the  plate  which  was  plunged  into  the  sulphate  of 
copper,  became  covered  with  metallic  copper ;  on  the  other 
extremity  of  the  plate  were  deposited  octahedral  crystals  of 
the  double  chloride  of  sodium  and  copper,  which  are  decom- 
posed by  the  contact  of  water.  Similar  double  chlorides  were 
obtained  when  solutions  of  silver  and  of  other  metals  were 
substituted  for  the  sulphate  of  copper.  When  sal  ammoniac 
was  employed  instead  of  common  salt,  there  were  obtained  the 
double  chlorides  of  ammonium  and  silver,  ammonium  and  lead, 
&c. 

The  double  iodides  were  formed  in  the  same  way.  M.  .^"J*^* 
Becquerel  put  into  one  branch  of  the  tube  a  solution  of  sul- 
phate of  copper,  into  the  other,  of  hydriodate  of  potash. 
Copper  in  the  metallic  state  was  precipitated,  as  before,  on 
the  end  of  the  lead  plate  plunged  into  the  copper  solution ; 
while,  upon  the  other  extremity  of  the  lead  plate,  long  silky 
filaments  appeared,  consisting  of  the  double  iodide  of  potassium 
and  lead. 

He  took  a  tube  shut  at  one  of  its  extremities,  put  into  the 
bottom  of  it  any  oxide — the  black  oxide  of  copper,  for  example 
•—then  he  poured  over  it  a  solution  of  nitrate  of  copper,  and 
plunged  into  it  a  plate  of  copper,  descending  to  the  very 
bottom  of  the  tube.  In  a  fortnight  there  were  deposited  upon 
the  plate  of  copper,  above  the  oxide,  red  octahedral  crystals 
of  suboxide  of  copper.  With  the  subacetate  of  lead,  a  plate 
of  lead  and  litharge,  we  obtain  the  protoxide  of  lead  in  penta- 
gonal dodecahedrons,  or  in  silky  filaments. 

In  1829,  M.  Becquerel  prosecuted  these  experimental  in-  Suiphurcts, 
▼estigations,  and  succeeded  in  forming  sulphurets,  iodides,  and 
bromides,  by  similar  processes.*     He  had  conceived  the  idea, 
that  certain  compounds  had  been  formed  by  means  of  succes- 

*  Ann.  de  Cbim.  et  do  Phys.  xlii.  225. 
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Ptet  II.  give  decompositions ;  and  this  idea  was  verified  doling  ikm 
investigations.  To  obtain  sulphuret  of  silver,  sacb  as  it  oeam 
in  nature,  he  employed  a  glass  tube,  curved  in  the  fona  of  s 
U,  having  a  quantity  of  mobt  clay  at  the  curvalion,  ia  ordsr 
to  keep  the  two  liquids  employed  distinct.  Into  one  of  the  kfi 
of  the  tube  he  poured  a  solution  of  hyposuljdiile  of  potad^ 
into  the  other  a  solution  of  nitrate  of  silver ;  and  then 
blished  a  conmiunication  between  the  upper  portion  of  the  tvi 
liquids,  by  means  of  a  silver  wire.  A  very  weak  eleilfk 
circuit  was  formed ;  the  extremity  of  the  silver  wire,  phogsl 
into  the  nitrate,  became  the  negative  pole,  and  the  other  cs* 
tremity  the  positive  pole.  The  nitrate  of  silver  was 
posed,  and  the  silver  was  precipitated  in  the  metallic 
The  oxygen  and  nitric  acid  being  transferred  to  the  other  psk 
determined  the  formation  of  a  double  hyposulphite,  the  inl 
by  oxydiriog  the  silver,  and  the  second  by  decompoeiog  tht 
hyposulphite ;  the  consequence  was  the  formation  of  a 
hyposulphite  in  fine  crystals.  The  nitric  acid  still  oool 
to  come  to  that  pole,  acted  upon  the  double  hypo«ulphits^ 
composed  it,  and  occasioned  the  formation  of  very 
crystals  of  sulphuret  of  silver  :  hence  the  crystallisation  of  tk 
sulphuret  is  owing  to  the  slow  decomposition  of  the  doobk 
hyposulphite. 

The  encr«ry  of  this  apparatus  being  very  feeble,  the  silw 
deposited  at  the  negative  pole  has  time  to  assume  a  regukr 
crystalline  form.  Kv  proceeding  in  the  same  manner*  crviUli 
of  all  the  other  metals  may  l>e  obtained. 

If  for  silver  and  its  nitrate,  we  substitute  copper  and  in 
nitrate,  we  form  a  double  hyposulphite  of  copper  and  polaih 
which  crys^llixcs  in  very  fine  silky  needles.  By  cootinvac 
the  action,  this  double  salt  is  decomposed,  and  crystals  of  sal- 
phuret  of  copper  with  triangular  faces  are  obtained.  By  i 
similar  procCi<s  the  oxysulphuret  of  antimony  may  be  forced. 
He  obtained,  likewise,  sulphurets  of  tin,  lead,  mercury,  irook 
nnd  zinc. 

isdidct.  M.  Iii*c()uerel  followe<l  the  same  pn»cess  in  order  to  oblaia 

the  metallic  ioilides,  the  crystals  were  yerv  distinct.      Hr  »ub- 
.•*titutcd  hydriodato  of  potash  or  soda  for  the  alkaline  h\iHMu«- 
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phite.     With  lead  he  obtained  first  a  double  iodide  of  lead  and  Cb.xv]ii 

potassium,  which  crystallized  in  very  fine  white  silky  needles. 

By  little  and  little  that  compound  was  decomposed,  beginning 

at  the  under  part  contiguous  to  the  clay.     A  great  number  of 

octahedral  crystals  were  observed,  of  a  golden  yellow  colour 

and  a  brilliant  appearance.     These  crystals  constituted  iodide 

of  lead.    Copper  subjected  to  the  same  treatment  gave,  at  first, 

a  double  iodide  in  white  needles ;  this  being  decomposed  in 

its  turn,  beautiful  crystals  of  iodide  of  copper  were  formed. 

M.  Becquerel  carried  these  successive  decompositions  and 
crystallizations  much  farther,  in  a  paper  read  to  the  French 
Academy,  in  January,  1830.*  It  had  been  shown  by  Davy, 
that  when  various  solutions  are  mixed  together  and  exposed 
to  electric  currents,  the  acids  and  oxygen  pass  to  the  positive 
pole,  while  the  bases  and  hydrogen  make  their  way  to  the 
negative  pole.  The  same  thing  happens  when  the  solutions 
are  put  into  two  capsules,  communicating  with  each  other  by 
moistened  amianthus.  This  always  takes  place  when  the 
electrical  force  is  great  enough  to  produce  decomposition  in 
the  solutions ;  but  if  it  be  strong  enough  to  decompose  one 
only,  then  the  elements  of  this  one  are  transported  into  the 
other  capsule,  where  they  generally  produce  modifications 
which  lead  to  the  formation  of  new  compounds. 

M.  Becquerel  in  this  paper  examines,  in  the  first  place,  the  Double 
case  when  the  metal  found  at  the  positive  pole  of  a  solution, 
concurs  by  the  reaction  of  its  oxide  to  the  formation  of  com* 
pounds.     He  took  two  glass  vessels ;  into  the  one  he  poured 
a  solution  of  sulphate  of  copper,  and  into  the  other  an  alcoholic 
solution  of  sulpho-carbonate  of  potash.     The  communication 
was  established  between  these  glasses  by  means  of  an  inverted 
glaoB  syphon,  filled  with  clay  moistened  with  a  solution  of 
nitrate  of  potash,  and  by  means  of  an  arc  composed  of  two 
plates  of  copper  and  lead — the  copper  dipping  into  the  sul- 
phate, and  the  lead  into  the  sulpho-carbonate.     An  electrical 
current  is  produced  by  this  arrangement,  which  acts  in  the 
following  manner: — Copper  is  precipitated  in  the  glass  con- 

*  Ann.  de  Chim.  ct  dc  Phys.  xliii.  131. 
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taining  the  BulphAte.  Bicarbonate  of  potaafa  u  depottted  ■ 
cryrtala  on  the  sides  of  the  vesael  containug  the  attlpb^ai^ 
bonate.  A  double  aulpho-carbonate  of  lead  and  potaik  ■ 
deposited  in  the  lame  Tessel,  in  acicular  crystals,  topAm 
with  carbonate  of  lead,  and  probablj  sulphate  of  potash,  sal 
sulphate  of  lead.  Finally,  ocUhcdral  crjstala  of  taifkm 
with  rhomboidal  bases,  were  also  deposited.  In  this  exfm- 
ment,  the  property  which  sulphuric  acid  possesses  of  aepafsl- 
ing  the  weaker  acids  from  the  bases  witb  which  they  woe 
united,  exerts  its  force  only  in  consequence  of  the  feeUnw 
of  the  electric  current.  Were  its  energy  greatcTt  all  Ac 
acids,  without  distinction,  would  be  transferred  to  the  poaltn 
pole. 

M.  Becquerel  gires  a  description  of  an  apparatoa  wkU 
allows  the  experimenter  to  avoid  or  employ  at  pleaam*  At 
reaction  of  metallic  oxides.  It  may  be  worth  while  to  gin  ifcr 
reader  an  idea  of  this  apparatus: — It  conusU  of  three gh* 


cylindrical  vessels,  A  A'  A'',  placed  near  each  other  upoa  Ik* 
same  Lorizuiital  jilanu.  The  fir^t  is  filled  with  a  solutioa  d 
sulphate  or  nitrate  of  copper;  the  second,  with  a  aolulioo  d 
the  aulistaiicc  on  the  conetitut'ntu  of  which  %v  wi»b  to  opefatt; 
and  the  tliird,  with  water  rendered  slightly  conducting  by  the 
addition  uf  an  ncid,  or  of  common  salt.  A  communkatM 
with  A'  by  means  of  a  bent  tube,  a  Ct  r,  filled  with  clay  mmt- 
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tened  with  a  saline  solution,  the  nature  of  which  depends  CIlXVIH 
apon  the  effect  which  we  wish  to  produce  in  A'.  A'  and 
A'  communicate  by  means  of  a  plate  of  platinum  or  gold, 
d  Of  d.  And  finally,  A  and  A^  are  united  by  two  metals 
composed  of  two  plates,  Mc  and  Mz,  of  copper  and  zinc. 
Finally,  a  tube  of  safety,  ^  f,  is  placed  in  the  glass  vessel  A^, 
to  indicate  the  pressure  produced  by  the  evolution  of  gas. 
From  this  dbposition,  the  extremity  d  of  the  plate  of  plati- 
num is  the  positive  pole  of  a  small  electric  pile,  the  action  of 
which  is  slow,  but  constant.  When  the  liquid  contained  in 
A'  is  a  good  conductor,  the  intensity  of  the  current  is  suffi- 
cient to  decompose  the  sulphate  of  copper  in  A.  When  the 
oxygen  passes  to  d^  as  well  as  the  sulphuric  acid,  which  In 
passing  into  the  tube  a  G  c,  disengages  sometimes  the  acids 
which  have  less  affinity  than  it  has  for  the  bases  with  which 
they  are  combined,  all  the  elements  pass  into  the  liquid  A', 
where  their  slow  action  on  each  other  occasion  different 
charges. 

Sometimes  it  is  necessary  to  place  a  fourth  glass  cylinder 
between  A  and  A'.  Into  it  a  sufficient  quantity  of  the  saline 
solution  to  be  decomposed  by  the  sulphuric  acid  is  put,  so 
that  the  effects  produced  in  the  liquid  A'  may  not  be  inter- 
rupted when  all  the  salt  in  the  moist  clay  is  decomposed.  In 
this  case,  when  we  wish  to  transfer  an  electro-negative  gas, 
or  a  nascent  acid,  into  the  liquid  in  A,  it  will  be  sufficient  to 
place  in  the  clay  a  solution,  which  by  its  reaction  on  the  sul- 
phuric acid  coming  from  the  decomposition  of  the  sulphate  of 
copper,  allows  that  gas,  or  that  acid,  to  be  disengaged.  But 
if  the  object  be  to  transport  hydrogen,  or  an  electro-positive 
gas,  we  must  reverse  the  means  of  communication,  and  put 
a  G'  c  in  place  of  the  tube  a  G  c.  Finally,  if  we  replace  the 
platinum  plate  by  a  plate  of  an  oxydisable  metal,  we  introduce 
into  the  solution  the  reaction  of  an  oxide,  which  being  in  a 
nascent  state,  concurs  in  the  formation  of  the  products. 

An  example  or  two  will  serve  to  render  the  use  of  this 
a]q[Muratus  &iniliar.  Into  the  glass  cylinder  A'  was  put  an 
alcoholic  solution  of  sulpho-carbonate  of  potash,  into  the  glass 
A,  a  solution  of  sulphate  of  copper,  and  into  the  clay  of  the 
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Ptotii.  tabe  a  G  c,  a  solutioD  of  nitrate  of  potaah.  Id  twmt%-km 
hours  the  reaction  of  the  oxygen,  and  of  the  nitric 
the  solution  of  the  sulpho-carbonate  of  potaih  wai 
for  upon  the  platinum  plate  were  observed  crystals  of  snlpli 
and  of  bicarbonate  of  potash. 

When  we  substitute  for  the  alcoholic  solution  of  snlph 
carbonate  of  potash,  an  aqueous  solution  of  sulpho-carboMlt 
of  bary tcs,  analogous  reactions  become  sensible ;  snlpbv  ii 
precipitated  in  small  crystals,  and  sulphate  of  barytes  crysls^ 
lizes  in  prismatic  needles. 
Crjnu^ot  In  1831,  M.  Becquerel  discovered  a  method  of  obtaiuig 
•fiinuTol-  artificial  crystab  of  carbonate  of  lime.*  Cmikshanks  sai 
^'^*  Daniell  had  observed  that  when  we  expose  to  the  air  a 
tion  of  sugar  and  lime,  in  a  large  open  vessel,  the 
becomes  covered  with  small  crystals,  which  fall  to  Ibe 
of  the  vessel,  and  are  speedily  replaced  by  otb««. 
were  crystals  of  carbonate  of  lime;  but  the  mode  of 
formation  was  disputed.  M.  Becquerel  took  a  gla» 
bent  into  the  form  of  a  U,  at  the  curvature  of  which  a  pkf 
of  cotton  was  placed  to  separate  the  two  liquids  fitm  mdk 
other.  Into  the  legs  of  this  syphon,  he  poured  a  solotioo  d 
1  part  of  lime,  and  IG  parts  of  sugar,  in  100  [>arts  of 
Into  each  leg  of  the  syphon  was  plunged  a  plate  of  platii 
communicating  with  the  poles  of  a  Voltaic  battery,  charfsd 
with  a  weak  solution  of  common  salt,  containing  one  per 
of  sulphuric  acid.  Finally,  all  the  openings  of  the  tubes 
carefully  shut  in  order  to  exclude  the  common  air.  TW 
reactions  were  such  that  carbonate  of  lime,  partly  in  cnrffUbi 
was  precipitated  upon  the  positive  plate :  hence  it  is  dfltff 
that  the  formation  of  the  carbonate  must  have  been  owing  Is 
the  decomposition  of  the  sugar :  but  the  subject  was  after* 
wards  examined  by  M.  Pelouze,  who  showed  that  the  oah 
u»o  of  the  sugar,  in  the  ex|>eriments  of  Ouiiuhanks  and 
Daniell,  was  to  increase  the  }«olubilitv  of  the  lime«  and  thai 
the  (*arl)oni(*  acid  of  the  carbonate  came  from  the  atmo^phrrv. 
M.  Hwquerel  wa*»  induced  by  these  experiments  to  iave*ti- 

Ann.  <ii   rhirn.  v\  \U*  Pin*   lUii.  .'» 
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;ate  the  action  of  sugar  and  mucilage  on  metallic  oxides,  by  Ch.xvill 
:he  interyention  of  alkalies  and  earths  ;*  and  we  may  notice  Action  of 
[lis  results  though  the  subject  is  not  connected  with  electric  ^|^^p 
currents.     K  we  mix  oxide  of  copper,  newly  precipitated,  copper, 
with  lime  and  water,  and  apply  heat,  the  oxide  becomes  black, 
being  rendered  anhydrous.     If  we  add  a  little  common  sugar, 
%  portion  of  the  oxide  dissolves,  and  the  liquid  assumes  a  blue 
colour,  similar  to  that  of  a  solution  of  oxide  of  copper  in 
Bunmonia.     Honey  and  sugar  of  milk  have  the  same  property. 
Potash  and  soda  behaye  precisely  as  lime  does,  excepting 
only  that  their  dissolying  power,  is  greater.     Barytes  and 
strontian  possess  that  property  only  feebly.     Thus,  potash, 
9oda,  and  lime,  have  the  property  of  dissolving  oxide  of  cop- 
per, even  without  heat,  when  any  sugar  exists  in  the  solution ; 
a  character  which  may  enable  us  to  recognise  the  presence  of 
sugar  in  solutions  of  organized  substances.'    Gum  possesses 
DO  such  property.     Gum  has  the  power  of  precipitating  gum 
when  added  to  a  solution  of  gum  containing  an  alkali  or  an 
earth. 

Experience  having  proved  that  the  affinity  of  a  body  for  onSdl!^ 
another  greatly  facilitates  electro-chemical  decompositions, 
Becquerel  employed  this  principle  to  reduce  oxide  of  iron, 
magnesia,  zirconia,  and  glucina«t  He  conceived  from  reflect- 
ing on  the  chemical  reactions  which  take  place  in  living 
animals,  that  vitality  developes  peculiar  electric  forces,  which, 
though  feeble  in  appearance,  produce  nevertheless  effects 
which  can  only  be  obtained  by  affinities  of  a  certain  energy. 
One  of  the  methods  of  giving  probability  to  this  opinion,  is  to 
prove  that  we  can  produce  in  inorganic  compounds,  energetic 
chemical  effects,  with  feeble  electric  forces.  He  took  two 
glass  tubes,  containing  each  in  its  bottom  a  quantity  of  pure 
clay,  and  plunged  half  way  into  a  vessel  filled  with  water. 
Into  the  first  he  poured  a  solution  of  nitrate  of  copper,  and  by 
a  plate  of  platinum  connected  it  with  the  positive  pole  of  a 
Voltaic  trough  of  thirty  pairs.  Into  the  second  tube,  con- 
nected in  the  same  way  with  the  negative  pole,  was  put  a 

*  Ann.  de  Chim.  ct  dc  Phys.  xlvii.  13.  t  Ibid,  zlviii.  337. 
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Ptot  if.   solution  of  common  salt.   In  this  case  water  alone  was 

posed,  and  not  nitrate  of  copper.  The  reason  obTiooslj  «ai 
that  the  oxide  of  copper  could  not  be  transported  tbrooch  Ar 
pure  water,  because  it  could  not  form  in  that  liquid  a  soiahk 
compound.  If  we  operate  in  the  inverse  manner,  that  is,  if 
we  put  the  nitrate  of  copper  into  the  negative  tube,  deeo»> 
position  takes  place;  the  copper  being  deposited  opoD  Ae 
negative  pole,  and  the  acid  transported  through  the  liquid  fti 
the  pobitive  pole. 

If  we  pour  into  a  negative  tube  a  solution  of  sulphate  of 
copper,  and  into  the  positive  tube  a  solution  of  nitrate  of  pol* 
ash,  the  nitric  acid  is  disengaged  in  this  last  tube ;  the 
in  passing  to  the  negative  tube  acts  on  the  sulphate  of 
separating  a  portion  of  the  oxide  of  copper,  which  is  redaeed 
and  occasions  the  double  sulphate  of  copper  and  potash  whkk 
crystallizes.  As  long  as  sulphate  of  copper  remains  toht 
decomposed,  and  as  there  is  a  sufficient  quantity  of  nitrate  of 
potash  in  the  positive  tube,  the  sulphuric  acid  is  not  tnw* 
ported  into  that  tube;  but  as  soon  as  the  double  solphslr 
begins  to  be  decomposed,  its  presence  there  may  be  icadatd 
sensible  by  nitrate  of  barytes.  We  may  lay  it  down  m  a 
general  rule,  that  when  two  salts  are  in  solution,  the  mon 
soluble  is  always  decomposed  in  preference  of  the  other. 

It  was  supposed  at  first  that  pretty  strong  electric  currcntf 
were  necessary  to  decompose  solutions  of  manganese,  nat. 
iron,  tin,  and  arsenic,  and  to  obtain  a  certain  quantity  of  the 
reduced  metal  at  the  negative  pole.  The  solutions  of  titi^ 
ium,  nickel,  col)alt,  uranium,  and  chromium,  offered  at  fint 
no  sensible  traces  of  decomposition ;  but  M.  Uecquerel  »o«a 
discovered  that  the  presence  of  water  was  an  obstacle  to  the 
decomposition  of  these  salts,  especially  when  the  oxygen  of 
the  water  has  Icits  affinitv  for  the  hvdroiren  than  it  has  for  the 
metal.  When  this  was  the  case,  water  alone  might  be  dfcoa 
posed.  On  this  account  it  was  necessary  to  employ  vcfv 
concentrated  solutions,  or  sometimes  the  oxides  themseivv* 
slightly  moistenrd. 

Even  these  precMution:*  are  not  sufficient  when  we  •ish  t*^ 
reduce  refractory  oxides.      We  muHt  then  have  recounc  x*> 


DBCOMPOSITIONS  BY  WEAK  ELECTRIC  CURRENTS.  525 

^another  method.  When  the  hydrogen  gas  arrives  at  the  Cb.xviu 
negative  pole,  it  must  exert  there  a  reducing  power  so  much 
the  more  energetic  the  longer  it  remains  in  the  state  of 
nascent  gas,  a  state  the  most  favourable  possible  to  chemical 
action*  The  less  rapid  the  current  of  gas  disengaged  is,  the 
longer  will  it  remain  in  the  nascent  state.  But  this  requires 
a  weak  electric  current :  hence  a  certain  degree  of  electric 
force  will  be  more  successful  in  reducing  these  refractory 
metals,  than  a  stronger  one  would  be. 

Guided  by  these  theoretical  considerations,  Becquerel  re- 
duced from  these  solutions,  and  with  an  exceedingly  weak 
force,  iron,  zirconium,  glucinum,  and  magnesium,  in  crystals 
or  crystalline  plates. 

To  reduce  iron  to  the  metallic  state,  he  employed  a  battery 
of  five  or  six  pairs,  feebly  charged,  or  even  of  a  single  pair. 
He  made  use  of  two  tubes  arranged  as  formerly  described. 
Into  the  negative  tube  he  poured  a  solution  of  the  protosuU 
pbate  of  iron,  and  into  the  other  a  solution  of  common  salt ; 
and  the  battery  was  so  weakly  charged  that  the  evolution  of 
gas  was  scarcely  sensible.  The  soda  and  hydrogen  passed 
into  the  negative  tube.  The  alkali  uniting  with  the  sulphuric 
acid,  formed  a  double  sulphate  of  iron  and  soda ;  while  the 
hydrogen  reacting  on  the  oxide  at  the  instant  of  its  precipita- 
tion, occasioned  its  reduction.  The  iron  is  deposited  upon  the 
negative  plate,  sometimes  in  very  small  crystals,  sometimes 
as  if  it  had  been  in  fusion,  (especially  when  the  action  is  very 
alow,)  and  sometimes  in  small  round  tubercles  more  or  less 
crystalline.  When  the  plate  is  covered  with  crystals  symme- 
trically arranged,  it  possesses  magnetic  polarity,  owing  doubt- 
less to  the  want  of  continuity  in  the  particles  of  iron ;  for  the 
permanency  of  the  magnetic  properties  of  steel  is  probably 
owing  to  the  interposition  of  the  particles  of  carbon,  which 
prevents  the  two  kinds  of  magnetism  from  combining  together 
after  having  been  separated. 

Bfagnesia  is  reduced  with  more  difficulty  than  iron.  Bec- 
querel was  obliged  to  employ  a  battery  of  thirty  pairs  of 
plates.  He  put  into  the  negative  tube  chloride  of  magnesium ; 
which  having  been  formed  in  a  silver  vessel,  contained  a  small 
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Part  if.  qiuDtity  of  that  metal*  which  wan  faTourable  to  the  ■occf  tl 
the  process.  There  was  first  formed  upon  the  plaliniui  pblr 
a  grey  deposite,  then  tubercles  of  the  same  colour,  and  finslf • 
octahedral  crystals  of  a  silver-white  colour,  possfssing  aD  Ae 
characters  of  magnesium. 
^2^^*  M.  Becquerel  employed  electric  currents  to  explain 
piftiMd.      iron  is  converted  into  steel  by  the  process  of  rtw^mtaiwm 

how  in  many  rocks  the  elements  are  transferred  frooi  wilhii 
to  without,  and  replaced  by  others  without  any  loes  of 
being  the  consequence.  Nature  must  employ  foreet 
of  transporting  these  elements  in  two  different  direetioi»»  nd 
to  great  distances.  Now,  electric  currents  supply  all  Ae 
forces  necessary  to  produce  such  effects. 

When  iron  and  charcoal  are  in  contact  at  the  temperat«r 
of  ignition,  if  we  bring  both  of  these  bodies  in  contact  witk  m 
electro-multiplier,  we  shall  find  that  a  strong  electric 
exbts,  which  passes  from  the  iron  into  the  charcoal— -the 
direction  as  that  of  the  current  produced  by  the 
of  iron  with  oxygen,  or  of  a  base  with  an  acid.  By  mrani  d 
this  current,  the  particles  of  carbon  are  transferred,  at  a  ivi 
heat,  into  the  interior  of  the  iron,  and  thus  the  iron  beco^n 
steel. 
Cmuitof  In  1032,  M.  Becquerel  showed  how,  by  means  of  elertiv 
tUiMd.^  currents,  crystals  of  metallic  oxides  might  be  obtained.*  To 
dissolve  the  oxides  he  employed  peroxide  of  potassium,  wfairk 
in  consequence  of  its  high  degree  of  oxidation,  cannot  bf 
capable  of  forming  with  these  oxides  combinations  so  ftaUr 
as  those  with  potash,  which  is  a  more  energetic  base. 

\Mien  potash  is  melted  in  an  open  silver  crucible,  it  Iosm  s 
part  of  its  water,  and  absorbti  oxygen  from  the  atmospiwrr. 
forming  |)eroxide  of  potash,  which  is  decomposed  by  watrr. 
oxygen  iras  being  disent^agcd.  If  we  put  into  a  silver  cniciUr 
lialf  a  ^amme  of  black  oxide  of  copper,  with  two  or  thrrr 
grammes  of  caustic  potash,  prepared  by  means  of  alcohoL  si^l 
keep  its  temperature  for  a  few  minuti^  at  incipient  iirnitk^ 
the  oxide  of  copper  will  bt*  completely  dissolved,     \\beo  tb« 

*  Anil,  (le  t'him.  et  tie  Phv4.  Ii.  lul. 
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solution  cools,  oxygen  gas  is  disengtiged,  flocks  of  black  oxide  Cb.xviH 
of  copper  are  disengaged,  and  small  crystals  of  anhydrous 
black  oxide  are  formed,  some  of  which  have  sometimes  a 
length  of  several  millimeters. 

When  the  crucible  is  kept  for  some  time  in  a  red  heat,  the 
black  oxide  of  copper  is  changed  into  red  oxide,  which  is 
obtained  in  small  crystals  of  a  brick-red  colour. 

When  protoxide  of  lead  is  substituted  for  black  oxide  of 
copper,  we  obtain  that  protoxide  crystallized  in  small  cubes  or 
square  plates,  provided  the  crucible  be  kept  only  a  very  short 
time  at  an  incipient  red  heat*  If  the  red  heat  be  continued 
for  some  time,  the  protoxide  of  lead  passes  into  the  peroxide, 
which  crystallizes  in  hexagonal  plates  of  a  flea-brown  colour. 
Phosphate  and  sulphate  of  lead  treated  in  the  same  way  are 
completely  decomposed,  while  crystals  of  protoxide  and  per- 
oxide of  lead  are  formed.  By  the  same  process  the  oxide  of 
cobalt  may  be  obtained  in  square  plates,  and  the  oxide  of  zinc 
in  needles  of  a  dirty  yellow  colour. 

It  has  been  often  remarked,  that  in  chemical  operations  the 
walls  of  the  vessel  have  an  influence  on  the  reactions.  M. 
Becquerel  attempted  to  ascertain  the  nature  of  this  influence.* 
He  took  a  narrow  glass  tube,  open  at  both  extremities,  and 
introduced  by  one  end  a  quantity  of  calcined  oxide  of  cobalt 
reduced  with  water  into  a  very  fine  paste.  The  aperture 
was  then  closed,  a  silver  wire  introduced  into  the  tube,  and 
the  upper  portion  of  it  filled  with  a  solution  of  chloride 
of  chromium.  After  a  fortnight  small  dendritical  metallic 
crystals  began  to  be  perceived  on  the  inferior  part,  and  on 
the  aurfiace  of  the  tube.  He  obtained  the  same  efiect  without 
employing  the  silver  wire.  The  oxide  of  cobalt,  which  is  not 
easily  reduced  by  the  action  of  Voltuc  electricity,  yields  in 
this  instance  to  a  current  apparently  feeble,  but  which,  how- 
ever, must  possess  considerable  energy. 

The  inner  surface  of  the  tube  must  have  exercised  a  great 
influence,  as  the  reduction  took  place  above.  In  the  slow 
action  of  the  chloride  of  chromium  on  the  oxide  of  cobalt, 

*  Ann.  de  Chim.  ct  de  Phys.  Hi.  243. 
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Ptetii.   electricity  was  disengaged.     The  two  fluids  must  hmrt 

along  the  inner  surface  of  the  tube,  which  senred  to'eatabU 
the  poles  of  the  small  battery. 

M.  Becquerel's  next  attempt  was  to  obtain  sulphorets  by 
other  processes.*  He  experimented  chiefly  on  sulpburels  «f 
lead  and  of  antimony.  Into  a  tube  of  glass,  shut  at  erne 
he  put  a  quantity  of  sulphuret  of  mercury ;  over  it  wi 
a  solution  of  chloride  of  magnesium,  and  a  metallic  plait  «f 
lead  was  passed  through  the  solution  to  the  rery  bottom  sf 
the  tube.  The  tube  was  now  sealed  hermetic^y,  and  its 
contents  left  to  the  slow  action  of  the  electric  current 
by  their  mutual  action  on  each  other.  In  about  six 
thin  metallic  film  began  to  be  perceived  on  the  inner 
of  the  tube,  just  above  the  sulphuret  of  mercury.  This 
detached  itself,  and  its  inner  side  was  studded  with  tctrip 
hedral  crj'stals  of  pure  sulphuret  of  lead.  On  openiof  thr 
tube,  a  gas  was  disengaged,  having  the  odour  belonging  fti 
combinations  of  sulphur  with  chlorine  and  hydrogei 
mony  subjected  to  a  similar  treatment,  also  furnished 
but  their  nature  was  not  so  accurately  determined^  tkoifk 
probably  they  were  sulphuret  of  antimony. 

Such  are  the  most  important  of  the  experiments  made  bf 
M.  Becquerel  to  forp  a  great  number  of  combinations  sad 
decompositions  by  means  of  weak  electric  currents.  At  the 
meeting  of  the  British  Association  held  at  Bristol  in  1836. 
Andrew  Crosse,  Esq.,  read  to  the  chemical  section  the  rcsah 
of  a  set  of  similar  experiments,  on  which  he  had  l>een  rngaced 
for  several  years.  Without  bcin^  aware  of  what  had  beco 
previously  done  by  M.  Becquerel,  Mr  Crosse  had  obtained 
many  similar  results,  and  came  to  similar  conclusioof.  It 
will  be  sufficient  if  we  state  here  the  general  result  of  Mr 
Crosse's  investigations. 

Rsprri.  In  the  neighl)()urlu)od  of   Broomfield,   in    Somersetshiir. 

Mr  CruMT.  there  is  a  cavern,  the  roof  of  which  is  partly  studded  with 
arra<ronite  and  calcareous  spar  in  tine  crystals,  llio  watrr 
which  flows  from  that  roof  contains  in  the  quart  about  tro 

•  Ann.  iJ««  ('him.  ft  dv  VU\%,  liii.  lOi. 
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jubstances  were  upon  vhich  tbese  currents  acted,  and  TbatCb.xviii 
the  specific  changes  induced. 

The  ezperimeRts  of  Mr  Fox  and  Mr  Henwood  constitute 
in  interesting  conunencenient  of  these  rerj  important  investi- 
gations. The  veins  of  lead  ore  in  the  north  of  England,  be- 
ing so  much  more  numerous,  and  less  deep,  than  those  of 
Cornwall,  and  passing  through  a  greater  number  of  beds, 
vould  deserve  to  be  experimented  on  in  a  similar  manner.  Is 
it  not  probable  that  the  thin  layers  of  iron  pjrrites  so  common 
in  pit-<oal,  owe  their  origin  to  electric  currents  ? 

Mr  Spencer  of  Liverpool  baa  made  a  very  ingenious  appli-  EiteirtcUr 
»tioD  of  a  Voltaic  battery  of  low  intensity,  which  promises  ir«imn 
to  he  exceedingly  useful  by  enabling  us  to  form  engravings  on  '"  ™'*'- 
»)pper  in  relief,  which  may  be  substituted  for  wood-cuts,  and 
^us  printed  at  the  same  time  with  the  letter-press.     The 
method  which  he  has  enggeated  is  this: — 
Into  the  glass  vessel  A,  pour  a  saturated 
solution  of  sulphate  of  copper.     Place  the 
;laBS  cylinder  B,  open  at  both  ends,  but 
twving  the  bottom  shut  with  a  plug  of  plas- 
ter of  Paris  about  an  inch  thick,  so  that  it 
ihall  occupy  the  centre  of  the  vessel  A.   Fill 
it  with  a  solution  of  conunoQ  salt.     C  is,the 
copper  plate  on  which  the  engraving  is  to 
Iw  made.     A  copper  wire  is  to  be  soldered 
io  it,  while  a  plate  of  zinc  is  soldered  to  the 
itber  end  of  it.     The  wire  is  to  be  bo  bent 
that  the  copper  plate  C  is  just  under  the 
plaster  plug,  and  of  course  immersed  in  the 
Rilphate  of  copper  solution ;   while  the  zinc  plate  is  above 
:be  plaster  plug  in  the  small  glass  cylinder,  and  of  course 
mmersed  in  the  solution  of  common  salt. 

The  copper  plate  C,  before  being  soldered  to  the  wire,  is 
covered  with  varnish,  and  the  figures  or  lines  wished  to  be 
ormed  upon  it  in  relief  are  drawn  upon  the  varnish,  taking 
:are  that  every  line  penetrates  to  the  metal.  After  the  graver 
las  done  its  duty,  pour  upon  the  varnish  a  little  dilute  nitric 
tdd,  and  allow  it  to  remtun  till  the  oxide  is  completely 
2v 
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P^tftii.  remoTedy  and  the  bottom  of  every  line  consbta  of  nwUlL 
copper.  Nowy  place  the  whole  as  in  the  figure.  The  pk* 
ter  of  Paris  plug  becoming  wetted  with  the  liquid*  allows  tb 
Voltaic  energy  to  pass,  and  the  circle  is  complete.  Mctalb 
copper  is  deposited  on  every  line,  and  adheres  firmly  to  lb 
metallic  plate,  so  that  when  the  varnish  is  removed,  ever 
line  is  exhibited  in  relief.  Thus  the  copper  plale  may  be  ic 
up  along  with  the  letter-press,  precisely  like  engrmTings  mfm 
wood. 

This  method  vrill  obviously  save  a  good  doal  of 
and  may  be  applied  in  a  great  variety  of  ways.  Mr  S] 
has  very  ingeniously  pointed  out,  or  alluded  to  various  pa 
poses  to  which  it  may  be  applied.  He  has  shown  how  h 
similes  of  coins,  medals,  &c.,  may  be  made,  and  how  engrav 
ings  may  be  multiplied  by  it  ad  m/buimwiL  This  mnsl  h 
particularly  useful  in  the  potteries,  who^  ten  or  twelve  a 
gravings  of  the  same  pattern  are  often  required. 

Mr  Spencer's  pamphlet  has  been  just  printed  in  Livcrpesl 
It  is  entitled,  An  Account  of  mme  ExptrimenU  wunk  fir  A 
purpom  i^  OMcertaimmg  how  far  VoUaic  EkcbieUff  aMjr  b$  tm 
fully  applied  to  the  purpose  of  Working  in  Meial.  Beinf  i 
paper  read  at  a  meeting  of  the  Liverpool  PolgUehmic  Society 
held  at  the  Medical  InstUution^  Mount  Pleasant^  on  Tkurwduf 
the  12M  September,  1839.  It  is  a  most  interesting  pamphk 
of  twenty-six  pages,  and  exhibits  one  of  the  happiest  and  mm 
masterly  pieces  of  inductive  reasoning  in  the  EngUsh  lis 
guagc. 


CHAPTER  XIX. 

OF  THK  ELECTRICITY  OF  THE  ATMOSPHERIC 


After  discovering  the  Ley  den  phial,  and  witnessing  t^ 
effects  of  elt*ctrical  batteries,  electricians  could  not  avm 
(>erceiving  the  analogy  which  existed  betwctMi  lii;htning  as 
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electricity.  This  analogy  was  accordingly  pointed  out  by  Cb.  xix. 
various  individuals,  especially  by  the  Ahh6  Nollet ;  but  it  was  Lightninf 
Dr  Franklin,  who,  having  discovered  the  power  of  pointed  "."y  ^^' 
bodies  to  discharge  electricity  at  a  distance,  first  thought  of  **™^ 
employing  that  method  to  render  atmospherical  electricity 
sensible.  Not  having  in  America  the  requisite  means  for 
such  an  experiment,  he  requested  the  electricians  in  Europe 
to  turn  their  attention  to  it.  The  first  person  who  attended 
to  his  suggestion  was  M.  D'Abilard,  who  constructed  an 
apparatus  for  the  purpose  at  Marly  la  Ville,  about  6  leagues 
from  Paris.  It  consisted  of  an  iron  rod  40  feet  long,  the 
lower  extremity  of  which  was  brought  into  a  sentry-box  where 
rain  could  not  enter ;  while  on  the  outside  it  was  fastened  to 
three  wooden  posts  by  silken  strings  defended  from  the  rain. 
M.  D'Abilard  was  obliged  to  leave  home,  but  in  his  absence  Verified  by 
he  intrusted  his  machine  to  one  Coisier,  a  joiner,  who  had 
served  14  years  among  the  dragoons,  and  on  whose  courage 
and  understanding  he  could  depend.  This  artisan  had  all  the 
requisite  instructions  given  him,  and  he  was  desired  to  call 
some  of  his  neighbours,  particularly  the  curate  of  the  parish, 
whenever  there  should  be  any  appearance  of  a  thunder  storm. 
On  Wednesday  the  10th  of  May,  1752,  between  two  and 
diree  in  the  afternoon,  Coisier  heard  a  pretty  loud  clap  of 
thunder.  Immediately  he  ran  to  the  machine,  taking  with 
him  a  phial  furnished  with  a  brass  wire ;  and  presenting  the 
wire  to  the  end  of  the  rod,  a  small  spark  issued  from  it  with  a 
snap  like  that  of  a  spark  from  an  electrified  conductor.  Stronger 
sparks  were  afterwards  drawn  in  the  presence  of  the  curate  and 
a  number  of  other  people.  The  curate's  account  of  them  was 
diat  they  were  of  a  blue  colour,  an  inch  and  a  half  in  length, 
and  smelled  strongly  of  sulphur.  In  taking  them,  Coisier 
received  a  stroke  on  his  arm,  a  little  below  the  elbow. 

Eight  days  after  this,  M.  Delor  witnessed  the  same  appear- 
ances at  his  house  situated  in  one  of  the  highest  spots  in 
Paris.  His  apparatus  was  similar  to  that  of  D'Abilard,  ex- 
cepting that  his  iron  rod  was  99  feet  in  length.  There  was 
no  thunder  nor  lightning,  only  a  cloud  passed  over  the  house. 

Dr  Franklin,  after  having  published  his  views  on  this  sub- 
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Part  I  i.  ject,  was  waiting  for  the  erection  of  a  spire  in  PhilAdelpliia  t« 
Franklin's  ^^^ute  his  experiment.  It  occurred  to  him  that  bj  meiM  d 
riwiric       2  common  kite,  he  could  have  a  readier  and  better  men  t« 

kite. 

the  regions  of  thunder,  than  by  any  spire  wbateTcr.     Prepar* 


ing  therefore  a  large  silk  handkerchief,  and  two  cms* 
of  sufficient  length  on  which  to  extend  it,  be  took  the 
tunity  of  the  first  approaching  thunder  storm,  to  take  a  walk 
into  a  field  in  which  there  was  a  shade  couTenient  for  his  pv* 
pose.  But  dreading  the  ridicule  which  too  commonly  attewU 
unsuccessful  attempts  in  science,  he  communicated  bis  in- 
tended experiment  to  nobody  but  his  son,  who  assisted  hna  is 
raising  the  kite. 

The  kite  being  raised,  a  considerable  time  elapaed  hcisrr 
there  was  any  appearance  of  its  being  electrified.     One  f  m 
promising  cloud  had  passed  over  it  without  effect ;  whca  aC 
length,  just  as  he  was  beginning  to  despair  of  bis  coDtrivanei; 
the  rain  having  wetted  the  string  which  was  of  henp,  mi 
rendered  it  a  better  conductor,  he  observed  some  loose  tbrai^ 
on  it  to  stand  erect,  and  to  avoid  one  another,  just  as  if  tkcv 
bad  been  suspended  on  a  common  conductor.    Struck  witb  ihn 
promising  appearance,  he  immediately  presented  his  knncUr 
Uy  the  key  which  was  tied  to  the  end  of  the  string,  and  tkf 
discovery  was  complete.    He  perceived  a  very  evident  rlectnc 
spark.     Others  succeeded  even  l)efore  the  string  was  foiii 
wet,  so  as  to  put  the  matter  past  all  dispute ;  and  when  u^ 
rain  had  wetted  the  string,  he  collectiMl  sparks  xery  copiooili. 
This  happened  in  June,  1752 ;  about  n  month  after  the 
electricians  had  verified  the  theorv«  but  l>efore  anv  infoi 
tion  on  tlie  liuhjort  had  reached  L)r  Franklin. 
lUsardor       'l\\\s  cxiuTiuuMit  c»f   Franklin  was  attended  with  extrrse 
mrnt.         danjrer.     Had  his  conl  been  more  moistened,  or  a  W\iff 
condurtor  than  it  was,  it  is  prolmhlo  that  this  ct*lebra:(*d  mm 
would  ha\c  fallen  a  hiacritice  to   his  teuieritv,  and  we  wouni 
hav«»  htM'u  deprived  of  all  the  benefits  which  he  .iftcrwari* 
coiifiTHMl  upon  si'itMire,  upon  hi-  own  country,  and  upon  m*r- 
kind  ill  ^'eiieral.      This  artualU  happeiK*d  mmu  after  to  IV> 
IVaihof     friisor  Hichinann  of  lVt(T!*bur<r«  ^\m  was  struck  dead  bv  a 
UkknuinD.  flash  of  lightning  on  the  Gth  of  .\ugiist,  1753,  drawn  b%  ki« 
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apparatus  into  his   own  room,  as  he  was  attending  to  an  cb.  xix. 
experiment  which  he  was  making  with  it. 

He  had  provided  himself  with  an  instrument,  which  he 
called  an  electrical  gnomon,  the  use  of  which  was  to  measure 
the  strength  of  electricity.  It  consisted  of  a  rod  of  metal 
terminating  in  a  small  glass  vessel,  into  which  he  had  (for 
what  reason  does  not  appear,)  put  some  brass  filings.  At  the 
end  of  this  rod  a  thread  was  fastened,  which  hung  down  by 
the  side  of  the  rod  when  it  was  not  electrified,  but  when  it 
was  it  avoided  the  rod,  and  stood  at  a  distance  from  it,  mak* 
ing  an  angle  at  the  place  where  it  was  fastened.  To  measure 
this  angle  he  had  the  arch  of  a  quadrant  fastened  to  the  bot- 
tom of  the  iron  rod. 

He  was  observing  the  efiect  of  the  electricity  of  the  clouds, 
at  the  approach  of  a  thunder  storm  upon  his  gnomon,  and  of 
course  standing  with  his  head  inclined  towards  it,  accom- 
panied by  M.  Solokow  (an  engraver,  whom  he  frequently  took 
with  him  to  be  a  joint  observer  of  his  electrical  experiments, 
in  order  to  represent  them  the  better  in  his  figures),  when 
this  gentleman,  who  was  standing  close  to  his  elbow,  observed 
a  globe  of  blue  fire,  as  he  called  it,  as  big  as  his  fist,  jump 
from  the  rod  of  the  gnomon,  towards  the  head  of  the  Profes- 
sor, which,  at  that  instant,  was  about  a  foot  distant  from  the 
rod.  This  flash  killed  Mr  Richmann ;  but  Mr  Solokow  could 
give  DO  account  of  the  particular  manner  in  which  he  was 
immediately  afiected  by  it.  For  at  the  same  time  that  the 
Professor  was  struck,  there  arose  a  sort  of  steam  or  vapour, 
which  entirely  benumbed  him,  and  made  him  sink  down  upon 
the  ground;  so  that  he  could  not  remember  even  to  have 
beard  the  clap  of  thunder,  which  was  very  loud. 

The  globe  of  fire  was  attended  with  a  report  as  loud  as 
that  of  a  pistol.  A  wire  which  brought  the  electricity  to  the 
metal  rod  was  broken  to  pieces,  and  its  fragments  thrown 
upon  Mr  Solokow's  clothes.  Half  of  the  glass  vessel  in  which 
the  rod  of  the  gnomon  stood,  was  broken  ofi*,  and  the  filings 
of  metal  that  were  in  it  were  thrown  about  the  room.  The 
door-case  of  the  room  was  half  split  through,  the  door  torn 
off  and  thrown  into  the  room.     The  shoe  on  the  Profe^'^'u*'* 
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ivut  II.   left  foot  wa8  barst  open,  and  there  was  a  blue  mBxk  on  tbt 

foot  at  that  place.     From  which  it  waa  condaded,  that  Iki 

electricity  had  entered  by  the  head,  where  there  were  evidm 

marks  of  injury,  and  made  its  way  out  again  by  the  left 

Improre-        M.  de  Romas  made  the  experiment  with  the  kite  in  a 


cb^'kitc!'  perfect  manner  than  the  first  attempt  of  Dr  Fraoklin.  Ht 
twisted  a  fine  iron  wire  into  the  cord  of  the  kite.t  To  ft^ 
Tent  the  observer  from  being  exposed  to  danger,  Ibe  lover 
extremity  of  the  string  terminated  in  a  silk  cord  eight  or  •■ 
feet  in  length,  by  means  of  which  the  kite  with  its  ttawg  wm 
insulated.  Instead  of  drawing  sparks  with  the  finger,  wUck 
makes  the  observer  himself  receive  the  charge,  he  iccoifei 
them  by  means  of  a  metallic  conductor,  connected  witk  Ae 
ground  by  a  chain,  which  he  held  in  his  hand  by  means  of  sa 
insulating  glass  handle,  so  that  it  resembled  our  eominoB  £► 
charger.  Romas  describes  the  sparks  given  oat  frao  Ae 
string  to  this  discharger  during  a  thunder  storm,  in  a 
the  Abbe  NoUet,  in  very  glowing  language 
says  he,  ^*  plates  of  flame  nine  or  ten  feet  long,  and  an  mk 
thick,  which  made  as  much  noise  as  a  pistoL  In  leas  tkaa  aa 
hour  I  had  certainly  thirty  plates  of  this  size,  without  reckfl»> 
ing  a  thousand  others  of  seven  feet,  and  below  that.  Btf 
what  gave  me  the  greatest  satisfaction  in  this  new 
was,  that  the  greatest  of  these  plates  were  spontaneous, 
that  notwithstanding::  the  abundance  of  the  fire  which  tkff 
contained,  they  fell  always  on  the  nearest  conductor.     Thii 


*  Sc<!  Phil.  Trmns.  1754,  vol.  ilviii.  p.  705.  Vol.  ilti.  p.  61. 
•or  KicbmaDn  wai  born  in  Livonia*  oo  the  11th  Jul/.  1711*  hii 
William  Kichiiiann,  having;  dictl  of  the  plague  before  the  birth  of  hu  mA. 
He  waA  c<lucated  at  Kovel,  llallc,  and  Jena,  ami  devoted  hinuclf  to  ■afhf 
matic*  and  physics.  He  wont  to  Peter»bur,c  <u  tutor  to  the  ehiklr«tt  a' 
Count  Ostemmnn.  In  17^i  he  became  an  adjunct  of  the  Ac«dr«v.  It 
1741.  ho  was  mad<*  citruordinarj  Professor  of  Phrsict.  and  in  1745k.  aa 
the  df^th  of  Kralft,  he  liecamo  ordinary  Professor  of  Pbjsios.  Tlw«ct 
his  pa}>er«  arc  valuable,  hi»  drnith  lia»  given  him  a  greater  degree  «>f  celr^ 
brity  than  he  would  otlierwi^e  pnibably  have  attained.  Scr  Ntiti  Cob 
ment.  Acad.  Pctrn|H>l.  torn.  iv.  for  1762-^.  p.  .16. 

f  Mr  (*uth)>ortson   rmplovffl  a  brA.«<i  wire   which   i>  betur.   A»d    M 
f'harl(*>  U4rd  a  cttrd  all  ^f  uirt^I  t!  p  .uU 
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constancy  gave  me  so  much  security,  that  I  was  not  afraid  to  Ch.  xix. 
draw  sparks  hy  means  of  my  conductor,  even  when  the  thun- 
der storm  was  at  its  height,  -although  the  glass  handle  of  that 
instrument  was  only  two  feet  in  length.  I  conducted  where 
I  pleased  without  feeling  in  my  hand  the  smallest  commotion, 
sparks  of  fire  six  or  seven  feet  long,  with  the  same  facility  as 
those  whose  length  did  not  exceed  seven  or  eight  inches." 

I  refer  those  readers,  who  may  wish  to  employ  an  electrical 
kite  for  similar  purposes,  to  the  late  Mr  Cuthhertson's  Prac- 
tical Ekdricity^  p.  237,  where  they  will  find  the  contrivances 
which  he  employed  to  secure  the  observer  against  all  risk  of 
danger.  It  may,  however,  be  proper  to  observe,  that  the 
experimenter  should  never  hold  the  string  of  the  kite  in  his 
hand,  even  though  the  lower  part  of  it  be  of  silk,  in  case  rain 
or  any  accidental  cause  should  make  it  a  conductor.  The 
tremendous  size  of  the  sparks  described  above  by  Romas, 
shows  that  in  such  a  case  they  might  produce  fatal  efiects. 

Indeed,  it  is  easy  to  see  how  intense  the  electricity  may  intensity  of 
become  at  the  end  of  the  cord,  even  when  the  thunder  clouds  at  the  top  of 
are  not  very  formidable  in  appearance.  Poisson  has  demon- 
strated that  in  the  case  of  an  insulated  cylinder  of  small 
dimensions  in  the  neighbourhood  of  a  charged  conductor,  the 
thickness  of  the  coating  of  electricity,  on  the  cylinder  is  in- 
▼ersely,  as  its  diameter  compared  to  the  osculating  siphere  of 
the  charged  conductor.  Let  r  =  diameter  of  the  cord  of  the 
kite,  K  =  diameter  of  the  osculating  sphere  of  the  thunder 
cloud,  £  =  thickness  of  the  coating  of  electricity  of  the  thun- 
der cloud,  e  that  of  the  string,  then  it  has  been  demonstrated 

that  e=m ,  m  being  a  constant  coefficient,  which  experi- 
ment has  shown  to  be  very  nearly  — .     But  the  thickness  of 

the  coating  at  the  extremity  of  the  cylinder,  being  to  that  at 
any  other  part,  as  2'3  to  1,  the  expression  for  it  will  be 
20-7     ER 
48    '     r  ' 
To  apply  this  expression  to  the  thickness  of  the  coating  of 
electricity  at  the  end  of  the  kite  string,  let  us  suppose  the 
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Pftrt  II.  diameter  of  the  string  to  be  one  line,  while  the  radius  of  ike 
osculating  circle  of  the  cloud  is  1000  feet.  Then  R  = 
144,000  lines,  and  r=:  1.     The  expression  becomes 


20 


iMil^.?^  =  62,100  E. 


48  1 

Thus  it  appears  that  the  thickness  of  the  coating  of 
city  at  the  extremity  of  the  cord  of  the  kite,  is  do  le» 
62,100  times  greater  than  upon  the  charged  cloud, 
the  pressure  on  the  air  is  equal  to  the  square  of  the 
it  will  be  almost  400  million  times  greater  at  the  end  of  thi 
string,  than  on  the  surface  of  the  cloud.  We  need  not  ht 
surprised  then  that  such  terrible  sparks  issue  from  the  etd 
of  the  string,  even  when  the  thunder  cloud  is  nd  Terj  eo»> 
siderable. 

Thus,  it  has  been  demonstrated  by  the  sagacity  of  Dr 
Franklin,  that  thunder  and  lightning  is  merriy  a  case  of 
trical  discharges  from  one  portion  of  the  atmospbere  to 
other,  or  from  one  cloud  to  another.  Air,  and  all  gaaet, 
non-conductors ;  but  vapour  and  clouds,  which  are  composel 
of  it,  are  conductors.  Clouds  consist  of  small  hollow  bladdss 
of  vapour,  charged  each  with  the  same  kind  of  electricity,  b 
is  this  electric  charge  which  prevents  the  vesicles  from  aBit> 
ing  together,  and  falling  down  in  the  form  of  rain.  Even  the 
vcdicular  form  which  the  vapour  assumes,  is  probably  owiaf 
to  the  particles  being  charged  with  electricity.  The  mutatl 
repulsion  of  the  electric  particles  may  be  considered  as  Mft> 
cieiit  (since  they  are  prevented  from  leaving  the  vesicle  bv 
the  action  of  the  surrounding  air,  and  of  the  surroundiaf 
vesicles,)  to  give  the  vapour  the  vesicular  form. 
Formatiuii  In  wliat  Way  these  clouds  come  to  bo  charged  with  elcctxv 
city,  it  is  not  easy  to  Miy.  But  as  electricity  is  evolved  during 
the  act  of  evaporation,*  the  probability  is,  that  douiU  arv 

*  M.  INiuiiU'l  has  pul>Ii«hcil  a  *vi  of  fiponiiM*nt*,  vihich  trrra  to  oirf- 
turn  Vdlta'o  tluMiry  of  the  ovolutit^n  (if  electricity  by  e^Aporatiua.  He 
haa  ^lluwn  that  no  rh'ctricity  is  e^olvisl  hy  eva|>uration«  unlr««  iwc 
cheinirul  (M>mbiniition  tuki*»  pla(v  at  the  ^me  lime.  But  it  ftJiovi 
his  e\|KTiuient.%  llmt  eleolrieily  i^  evolved  •buo«iaiitly  ilurini;  c%«i 
rh**  burning  ImxIv  giving  out  reikinouft,  ami  the  oxytzen  %itrcuu« 
<  i'>  .      In  likr  tuaun«:r.  the  curlioiiic  4ci(l  etnittr«1  by  vrgvlabUes  i* 
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always  charged  with  electricity,  and  that  they  owe  their  exist-  Ch.  Xix. 
ence,  or  at  least  their  form,  to  that  fluid.  It  is  very  probable 
that  when  two  currents  of  dry  air  are  moving  difierent  ways, 
the  friction  of  the  two  surfaces  may  evolve  electricity. 
Should  these  currents  be  of  different  temperatures,  a  portion 
of  the  vapour  which  they  always  contain  will  be  deposited ; 
the  electricity  evolved  will  be  taken  up  by  that  vapour,  and 
will  cause  it  to  assume  the  vesicular  state  constituting  a  cloud. 
TThus  we  can  see  in  general  how  clouds  come  to  be  formed, 
and  how  they  contain  electricity.  This  electricity  may  be 
either  vitreous  or  resinous  according  to  circumstances.  And 
it  is  conceivable,  that  by  long-continued  opposite  currents  of 
air,  the  charge  accumulated  in  a  cloud  may  be  considerable. 
Now,  when  two  clouds  charged,  the  one  with  positive,  and 
the  other  with  negative,  electricity,  happen  to  approach  within 
a  certain  distance,  the  thickness  of  the  coating  of  electricity 
increases  on  the  two  sides  of  the  clouds  which  are  nearest 
each  other.  This  accumulation  of  thickness  soon  becomes  so 
great  as  to  overcome  the  pressure  of  the  atmosphere,  and  a 
discbarge  takes  place,  which  occasions  the  flash  of  lightning. 
The  noise  accompanying  the  discharge  constitutes  the  thun- 
der clap,  the  long  continuance  of  which  partly  depends  upon 
the  reverberations  from  neighbouring  objects*  It  is  there- 
fore loudest  and  largest,  and  most  tremendous,  in  billy 
countries. 

A  thunder  storm  in  this  country  commonly  commences  in  DMeriftWn 
the  following  manner : — A  low  dense  cloud  begins  to  form  in  4«r  uurm, 
a  part  of  the  atmosphere  that  was  previously  clear,  llib 
cloud  increases  fast,  but  only  from  its  upper  part,  and  spreads 
into  an  arched  form,  appearing  like  a  large  heap  of  cotton 
wool.  Its  under  surface  is  level,  as  if  it  rested  on  a  smooth 
plane*  The  wind  is  hushed,  and  every  thing  appears  preter- 
naturally  calm  and  still. 

Numberless  small  ragged  clouds,   like  teazled  flakes  of 

with  resiaoat  eleetridt j,  sad  the  oi jg^en  (ifnAtMjj  charged  with  vitreoat 
deelridtj.     TVk  tvo  Kwreet  are  Mtfficu»tij  aboAdaftt  Uj  »ecuaiii  Cm* 
the  vast  cjaaatitj  of  etedndtj  to  oft«a  accoanbted  ta  the  tkM^. 
Aaa.  de  Cluai.  et  de  Pbjf.  ixiv.  401. 
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Ftft  II.  cotton,  soon  begin  to  make  their  appearance,  moTtng 
various  directions,  and  perpetually  changing  their  t 
surface,  appearing  to  increase  by  gradual  aceumulatkm.  Ai 
they  move  about  they  approach  each  other,  and  appear  Is 
stretch  out  their  ragged  arms  towards  each  other.  Tbcj  do 
not  often  come  in  contact ;  but  after  approaching  Terj  Msr 
each  other,  they  evidently  recede  either  in  whole,  or  by 
ing  away  their  ragged  arms. 

During  this  confused  motion,  the  whole  mass  of 
clouds  approaches  the  great  one  above  it ;  and  when 
the  clouds  of  the  lower  mass  frequently  coalesce  with 
other,  before  they  coalesce  with  the  upper  cloud.  But  as  frs> 
quently  the  upper  cloud  coalesces  without  them.  Its 
surface,  from  being  level  and  smooth,  now  becomes 
and  its  tatters  stretch  down  towards  the  others,  and  kiag 
are  extended  towards  the  ground.  The  heavens  now  darkti 
apace,  the  whole  mass  sinks  down ;  wind  rises  and  frwiirij 
shifts  in  squalls ;  small  clouds  move  swiftly  in  varioas 
tions ;  lightning  darts  from  cloud  to  cloud.  A  spark  is 
times  seen  coexistent  through  a  vast  horizontal  extent,  of  s 
zigzag  shape,  and  of  different  brilliancy  in  different  parts* 
Lightning  strikes  between  the  clouds  and  the  earth — frt^ 
quently  in  two  places  at  once.  A  very  heavy  rain  falls  ihf 
cloud  is  dissipated,  or  it  rises  high  and  becomes  light  sad 
thin.* 

These  electrical  discharges  obviously  dissipate  the  eiectn- 
city,  the  cloud  condenses  into  water,  and  occasions  the 
den  and  heavy  rain  which  always  terminates  a  thunder 
The  previous  motions  of  the  clouds,  which  act  like  electro 
meters,  indicate  the  electrical  state  of  different  parts  of  tkt 
atmosphere. 

KxpiMM.         niunder  then  only  takes  pbce  when  the  different  i^trata  rf 

tutu  of  th«  •  • 

piMootneoa.  air  arc  in  differont  electrical  states.     The  clouds  int 

betwiren  these  strata,  are  also  electrical,  and  owe  their  v 
cular  nature  to  that  eU^tricitv.     Thev  are  also  conductors 
Hence  they  intorpode  thcm^tolves  between  s^trata  in  diffrrat 

*  Rob'iBon  ;  Sii|>|»lciui  iit  to  thinl  tUlitioii  of  iki*  Kiicvclo|i»iiia  Hnta» 

nira,  \r\.  ii.  p    »>•!. 
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states,  and  arraDge  tbemselves  in  such  a  manner  as  to  occa-  Cb.  xix. 
sion  the  mutual  discharge  of  the  strata  in  opposite  states. 
The  equilibrium  is  restored,  the  clouds  deprived  of  their  elec- 
tricity collapse  into  rain,  and  the  thunder  terminates. 

In  thunder  storms,  the  discharges  usually  take  place  be- 
tween two  strata  of  air,  very  seldom  between  the  air  and  the 
earth.  But  that  they  are  sometimes  also  between  clouds  and 
the  earth,  cannot  be  doubted.  I  once  witnessed  a  thunder 
storm  from  the  summit  of  Lochnagar,  a  very  high  granite 
mountain  in  Aberdeenshire.  The  thunder  was  at  a  great 
distance  east.  The  first  clap  was  nearly  due  east,  distant 
not  less  than  ten  or  twelve  miles.  The  second  was  north-east, 
and  equally  far  off.  Thick  black  clouds  intervened  between 
me  and  the  thunder,  so  that  I  saw  no  lightning.  After  watch- 
ing the  progress  of  the  storm  for  about  half  an  hour, 
suddenly  a  white  cloud  of  a  very  peculiar  appearance 
stretched  itself  between  the  part  of  the  heavens 
where  the  thunder  was,  and  the  earth.  This  cloud 
was  composed  of  distinct  parallel  fibres  bent  as  in 
the  margin :  it  continued  about  half  an  hour,  during 
which,  it  conveyed  away  all  the  surplus  electricity 
from  the  clouds  to  the  earth.  For  no  more  thunder 
was  heard,  and  the  clouds  discharged  themselves 
in  a  heavy  shower  of  rain,  which  terminated  the 
thunder  storm. 

These  electrical  discharges  sometimes  take  place  without  Electrical 

1/11  t    •    t       %         r        al»ch«rf« 

any  noise.  In  that  case  the  flashes  are  very  bright,  but  they  without 
are  single  flashes  passing  visibly  from  one  cloud  to  another,  and  ^^  *** 
confined  usually  to  a  single  quarter  of  the  heavens.  When  they 
are  accompanied  by  the  noise,  which  we  caU  Mttiufer,  a  num- 
ber of  simultaneous  flashes,  of  different  colours,  and  constitut- 
ing an  interrupted  zigzag  line,  may  generaUy  be  observed 
stretching  to  an  extent  of  several  miles.  These  seem  to  be 
oeoasioned  by  a  number  of  successive  or  almost  simultaneous 
discharges  from  one  cloud  to  another;  these  intermediate 
douds  serving  as  intermediate  conductors,  or  stepping-stones 
for  the  electrical  fluid.  It  is  these  simultaneous  discharges 
which  occasions  the  rattling  noise,  which  we  call  thunder. 
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P«rt  If.  Though  they  are  all  made  at  the  same  time,  yet  at  their  dif* 
tances  are  different,  they  only  reach  our  ear  in  socceanoa, 
and  thus  occasion  the  lengthened  rumbling  noise  so  diflier»e 
from  the  snap,  which  accompanies  the  discharge  of  a  Lejdea 
jar. 

Nature  of       If  the  electricity  were  confined  to  the  clouds,  a  single  di*> 

cUp.  charge  (or  a  single  flash  of  lightning)  would  restore  the  eqi»> 

librium.  The  cloud  would  collapse  and  discharge  itself  io  nuB« 
and  the  serenity  of  the  heavens  would  be  restored.  But  this  ii 
seldom  the  case.  I  have  witnessed  the  most  Tirid  dischargts 
of  lightning  from  one  cloud  to  another,  which  enlightened  the 
whole  horizon,  continue  for  several  hours,  and  amounting  to 
a  very  considerable  number,  not  fewer  certainly  than  fiftr^aad 
terminating  at  last  in  a  violent  thunder  storm*  We  tee  tkrt 
these  discharges,  though  the  quantity  of  electricity  most  have 
been  immense,  did  not  restore  the  equilibrium.  It  is  obvioai 
from  this,  that  not  only  the  clouds  but  the  strata  of  air  tb^ 
selves,  must  have  been  strongly  charged  with  electricitr.  Tht 
clouds  being  conductors  served  the  purpose  of  dischargiij 
the  electricity  with  which  they  were  loaded,  when  tbcj  caat 
within  the  striking  distance.  But  the  electric  stratum  of  air 
with  which  the  cloud  was  in  contact,  being  a  non-condiictor, 
would  not  lose  its  electricity  by  the  discharge  of  the  dood. 
It  would  immediately  supply  the  cloud  with  which  it  was  ia 
contact  with  a  new  charge.  And  this  repeated  charginiT  ni 
disscharirin^  process  would  continue  to  go  on  till  the  difleresK 
strata  of  excittnl  air  were  brought  to  their  natural  state. 

KiMtHrai         From  the  atmospherical  electric  journal  kept  bv  Mr  Read. 

Aimotpherv  at  Kni(;htsbridge,  during  two  whole  years  from  the  9th  of  Mij. 
1789,  to  the  9th  of  May,  1791,  it  ap{)ears  that  clouds,  aad 
rain,  and  hail,  and  hdow,  are  always  charged  with  elertrictn ; 
Houietiroes  with  negative,  but  more  frequently  vith  pci»iu«« 
ele<7tricitv.  When  the  skv  is  serene  and  cloudless,  the  ftraU 
of  air  are  irenerally  chari^ed  with  ]M>sitive  electricity.  In  Mcfe 
cases  the  thunder  rod  is  charged  by  induction ;  the  hiirhol 
end  actiuirint;  the  opposite  state  of  electricity  from  the  air. 
and  the  lowest  end^  the  same  kind  of  electricity,  while  a  por* 
tion  of  the  rod  towards  the  middle  is  neutral.     During  tbc 
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first  year,  there  occurred  only  seven  days  in  which  no  electri-  Ch.  xix. 
city  could  be  perceived.     But  during  the  second  year,  when 
the  apparatus  was  much  more  complete,  not  a  single  day 
occurred  which  did  not  give  indications  of  electricity  in  the 
atmosphere. 

During  the  first  year,  the  electricity  was  positive  241  times, 
and  during  the  second,  423  times.  This  difference  was  chiefly 
owing  to  the  apparatus.  During  the  first  year,  there  occurred 
seventy-three  days  in  which  the  signs  of  electricity  were  so 
weak,  that  the  kind  could  not  be  determined;  and  there 
were  seven  days  in  which  no  signs  of  electricity  at  all  were 
perceptible.  But  during  the  second  year,  the  apparatus  was 
so  much  more  perfect,  that  no  day  occurred  without  signs  of 
electricity;  and  it  was  ascertained,  that  on  those  days  in  which 
the  electricity  is  weak,  it  is  always  positive.  During  the  first 
year,  the  electricity  was  observed  negative  156  times,  and 
during  the  second  year,  157  times.  During  the  first  year, 
sparks  could  be  drawn  from  the  apparatus  during  ninety-eight 
days,  and  in  the  second  year,  during  106  days.  From  these 
facts,  the  probability  is,  that  the  electrical  state  of  the  atmo- 
sphere did  not  differ  much  in  each  of  the  two  years,  during 
which  the  observations  were  kept. 

The  observations  of  Read  have  been  prosecuted  in  Italy  9^"*^^ 
and  Germany,  where,  during  the  summer  season,  the  air  is  Germany, 
generally  much  drier  than  in  Great  Britain,  and  therefore, 
better  fitted  for  electrical  observations.     The  general  result 
is  as  follows  : — 

During  fine  weather,  the  atmosphere  always  contains  an 
excess  of  positive  electricity.  This  excess  is  very  small  a 
little  before  sunrise.  It  augments  as  the  sun  rises,  at  first 
very  slowly,  and  afterwards  more  rapidly,  and  reaches  its 
maximum  some  hours  after  sunrise.  It  then  begins  to  dimin- 
ish at  first  rapidly,  then  slowly,  and  reaches  its  minimum  a 
few  hours  before  sunset.  It  begins  to  augment  as  soon  as  the 
sun  begins  to  approach  the  horizon,  and  a  few  hours  after, 
reaches  a  second  maximum ;  then  it  diminishes  till  toward  the 
rising  of  the  sun,  when  the  same  alternations  are  repeated. 

Schubler,  by  his  experiments  and  observations,  has  given 
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Part  If.  greater  precision  to  tbese  general  statements.*  His  eipe 
ments  are  too  numerous,  and  occupy  too  much  room  to  pen 
us  to  insert  them  all  here.  Verj  copious  extracts  from  iIh 
bave  been  copied  by  Becquerel  into  tbe  fourtb  Tolume  of  I 
EkctricUy  (p.  85).  Tbe  following  Uble  exbibits  the  remk 
hourly  observations  made  on  tbe  intensity  of  the  electridty 
the  atmosphere,  at  Stuttgard,  on  the  12th  of  May,  181 1. 
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From  these  observations  wo  mh?,  that  at  Stuttcrard,  oo  t! 
12th  of  May,  1811,  the  positive  electricity  of  the  atmo<pbfi 
was  at  a  maximum  at  eiirht  in  the  morning.  It  liecame  en 
dimlly  feebler  and  feebler,  and  was  at  it:$  minimum  at  fiT«\  rj 
From  that  time  it  became  stronger,  and  reacbetl  a  !»erof 
maximum  at  half-past  ei$rht,  p.m.  From  thi<t  time  it  »n: 
again,  and  reache<i  a  second  minimum  aliout  two  in  the  mor 
ing,  when  Schubler  discontinueil  hi»  obi»ervation!i.  Vrc 
other  obsiTvationi*  of  SehubhT,  which  we  cannot  tin«l  nx»ni  f> 
here,  it  appears  that  the  maxima  and  minima  show  cKCA^ii^DaT 
some  little  differences  in  the  time  when  thev  occur.     ITja 

•  Schwrij;jrcr*i  Jour.  iii.  V25,  'irW. 
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for  example,  in  the  beginning  of  June,  1811,  the  maxima  took  Ch.  xix. 
place  most  frequently  about  seven,  a.m.,  and  nine  or  half- 
past  nine,  p.m.  ;  while,  towards  the  end  of  that  month,  they 
occurred  at  six,  a.m.,  and  ten,  p.m.  In  the  first  half  of  July, 
the  electrical  periods  were  not  very  distinct,  owing  to  the 
state  of  the  atmosphere.  In  the  last  half  of  that  month,  the 
two  maxima  occurred  at  seven,  a.m.,  and  nine  or  ten,  p.m. 
According  to  Schubler,  the  electric  periods  were  most  distinct 
in  those  days  which  were  dry  and  hot,  and  on  which  luminous 
striae,  analogous  to  the  aurora  borealis  were  perceptible  in  the 
sky. 

During  the  first  ten  days  of  August,  the  weather  was  so. 
bad,  that  observations  could  not  be  made.  During  the  last 
two-thirds  of  the  month,  the  weather  was  clearer,  the  maxima 
were  at  eight,  a.m.,  and  half-past  eight,  p.m. 

In  September,  the  maxima  corresponded  usually  to  half- 
past  eight,  A.M.,  and  half-past  seven  or  eight,  p.m. 

.In  October  the  maxima  occurred  at  seven,  a.m.,  and  seven, 
P.M.,  and  the  minima  at  two,  p.m.,  and  ten,  p.m. 

In  November,  the  maxima  were  at  nine,  a.m.,  and  half-past 
six,  p.m.,  and  the  minima  at  half  past-seven,  a.m.,  and  half- 
past  ten,  p.m. 

Schubler's  observations  confirmed  an  opinion  that  had  been 
long  entertained,  namely,  that  the  force  of  electricity  for  the 
two  maxima  and  two  minima,  goes  on  increasing  from  the 
month  of  July  to  the  month  of  January,  inclusive.  So  that 
the  greatest  intensity  happens  in  winter,  and  the  weakest  in 
summer :  hence  we  find  that  in  serene  days  of  winter  the  aug- 
mentation of  the  electricity  is  always  proportional  to  the  in- 
crease of  the  cold.  From  the  mean  of  the  months  it  appears 
that  the  first  minimum  and  the  first  maximum  have  less  inten- 
sity than  the  second  minimum  and  second  maximum. 

M.  Arago  has  made  a  careful  set  of  observations  on  the  in  Paris, 
electricity  of  the  atmosphere,  at  the  Paris  observatory.     He 
has  confirmed  the  occurrence  of  two  maxima  and  two  minima, 
every  twenty-four  hours.* 

*  See  a  set  of  h*3  observations  inserted  by  Becquerel  in  his  Traite 
rBiectricit^,  iv.  93. 
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Part  IL  electricity  was  disengaged.  The  two  fluids  must  hare  usM 
along  the  inner  surface  of  the  tube,  which  served  to  estabfiik 
the  poles  of  the  small  battery. 

M •  Becquerel's  next  attempt  was  to  obtain  sulphorets  tr 
other  processes.*  He  experimented  chiefly  on  sulphorets  ef 
lead  and  of  antimony.  Into  a  tube  of  glass,  shut  at  one  m^ 
he  put  a  quantity  of  sulphuret  of  mercury ;  over  it  was  povcd 
a  solution  of  chloride  of  magnesium,  and  a  metallic  plate  ef 
lead  was  passed  through  the  solution  to  the  very  bottom  of 
the  tube.  The  tube  was  now  sealed  hermetically,  and  ib 
contents  left  to  the  slow  action  of  the  electric  current  indneei 
by  their  mutual  action  on  each  other.  In  about  six  weebi 
thin  metallic  film  began  to  be  perceived  on  the  inner  surfiMi 
of  the  tube,  just  above  the  sulphuret  of  mercury.  This  fla 
detached  itself,  and  its  inner  side  was  studded  with  tet» 
hedral  crystals  of  pure  sulphuret  of  lead.  On  opening  tk 
.  tube,  a  gas  was  disengaged,  having  the  odour  belonging  ti 
combinations  of  sulphur  with  chlorine  and  hydrogen,  ibih 
mony  subjected  to  a  similar  treatment,  also  furnished  crystdi; 
but  their  nature  was  not  so  accurately  determined,  thoufh 
probably  they  were  sulphuret  of  antimony. 

Such  are  the  most  important  of  the  experiments  made  bf 
M.  Becquerel  to  form  a  great  number  of  combinations  nai 
decompositions  by  means  of  weak  electric  currents.  At  ths 
meeting  of  the  British  Association  held  at  Bristol  in  183fi| 
Andrew  Crosse,  Esq.,  read  to  the  chemical  section  the  resok 
of  a  set  of  similar  experiments,  on  which  he  had  been  engaged 
for  several  years.  Without  being  aware  of  what  had  beei 
previously  done  by  M.  Becquerel,  Mr  Crosse  had  obtained 
many  similar  results,  and  came  to  similar  conclusions,  b 
will  be  sufficient  if  we  state  here  the  general  result  of  Ut 
Crosse's  investigations. 
Experi.  In  the  neighbourhood  of  Broomfield,   in    Somersetshire. 

uienta  of,.  aai.i. 

Mr  CroMc.  there  is  a  cavern,  the  root  of  which  is  partly  studded  with 
arragonite  and  calcareous  spar  in  fine  crystals.  The  water 
which  flows  from  that  roof  contains  in  the  quart  about  tea 


Ann.  de  Chira.  et  de  Phys.  liii.  105. 
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^Htea  of  iron  wire  crossing  at  right  angles,  and  attached  to  Cb.  XV 11. 
^^P  axis  of  tlie  horse-shoe  magnet,  and  moving  round  when 
^^B  axis  is  set  in  motion.  At  every  revolution  of  the  axis, 
^^■extremities  of  the  iron  wires  dip  four  times  into  the  mercury, 
^^Uat  the  contact  is  renewed  and  broken  four  times  succes- 
^^Hy  at  each  revohition.  The  axis  of  ttie  horse-shoe  magnet 
^^Hxed  horizontally,  and  connected  by  a  strap  to  a  wheel 
^^Bch  can  be  turned  rapidly  by  a  handle,  eauEiug  the  horse- 
^■De  magnet  to  revolve  rapidly  about  its  axis. 
^m  The  pieces  of  soft  iron  surrounded  by  the  helices  of  copper 
^■be  being  fixed,  when  the  magnet  revolves,  its  two  poles  come 
^^brnately  in  contact  with  each  piece  during  each  revolution. 
^^B  well  known  that  a  piece  of  sod  iron,  when  in  the  neigh- 
^^Brhood  of  a  majErnetic  polo,  acquires  the  same  magnetic  pro- 
^^Btiea  as  that  pole.  But  as  soon  as  it  leaves  the  proximity 
^^Bhat  pole  it  loses  its  magnetism,  and  acquires  the  opposite 
HHle  when  it  gets  into  the  neighbourhood  of  the  other  pole. 
"^Thus  thtr  magnetic  state  of  each  piece  of  soft  iron,  and  conse- 
quently of  the  surrounding  helices,  changes  with  each  revolu- 
tion. This  causes  a  perpetual  interruption  and  renovation  of 
the  circuit :  hence  tho  sparks,  which  appear  only  wben  a 
current  is  interrupted  or  renewed. 

By  this  apparatus  constant  sparks  may  be  obtained,  fine 
platinum  wire  may  be  ignited,  and  various  chemical  pheno- 
tnena  may  be  produced, 

5.  When  an  electric  current  passes  through  n  wire  corered 
with  silk  thread,  the  wire  becomes  a  magnet.  If  this  wire  is 
twisted  round,  in  the  form  of  a  helix,  every  revolution  consti- 

■  lies  a  distinct  magnet  having  two  poles.     As  these  polos  arc 
.  ■  ways  at  the  same  oxtremities  of  tho  portion  of  the  wire,  it  is 

hviuuE  that  the  force  exerted  by  this  helix  must  increase  in 
proportion  tc  the  number  of  turns  which  it  makes :  hence  the 
thoory  of  tho  Gal  v  a  no-multiplier  of  Schweigger,  with  all  its 
Milisequent  improvements. 

6.  It  has  been  shown  hy  the  experiments  of  Hiol  anil  Kavart, 
:luit  wben  an  electric  current  passes  near  a  magnetic  needle, 

!'■  action  of  the  current  on  the  needle  is  inversely  as  the  dia- 

■  mrc.     They  b^vo  shown  also,  that  if  the  elementary  force  be 
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Fnt  II.   inversely  as  the  square  of  the  distance,  then  the  action  o 
long  wire  will  be  inversely  as  the  distance.* 


CHAPTER  XVIIL 

OF  DECOMPOSITIONS  BY  WEAK  ELECTRIC  CURREIT 


It  has  been  long  known  that  certain  metals  have  the  prope 
of  precipitating  other  metals  from  their  solutions  in  the  meta 
state.  Thus,  if  a  plate  of  copper  be  put  into  a  solutiflB 
nitrate  of  silver,  the  copper  dissolves  while  the  silver  b  | 
cipitated  in  the  metallic  state.  Mercury  equally  throws  do 
silver  from  the  nitrate.  Lead  or  tin  throws  down  copper;  i 
zinc  or  iron  is  capable  of  throwing  down  lead  and  tin*  J 
Sylvester  first  showed,  by  some  ingenious  experimeo^. 
1806,t  that  these  precipitations  were  produced  by  dbldj 
currents ;  that  water  was  decomposed  by  these  currents;  f 
that  the  hydrogen  evolved  united  with  the  oxygen  oft 
metallic  oxide,  and  thus  caused  the  metal  to  separate  in  t 
metallic  state. 

Ritter  had  already  observed,  in  1800,  that  these  electa 
effects  are  still  more  sensible  when  the  circuit  is  made 
means  of  two  liquids  and  a  metal4  In  1807,  Bucholz§  IH 
some  experiments  on  these  feeble  circuits,  which  deserte 
be  noticed.  He  put  into  a  cylindrical  glass  vessel,  a  soloti 
of  1  part  of  green  chloride  of  copper  in  4  parts  of  water ;  fli 
this  he  poured,  cautiously,  6  parts  of  water,  so  that  the  wil 
floated  on  the  surface  of  the  chloride.  A  polished  plile 
copper,  half  an  inch  broad  and  six  inches  in  length,  was  WB 
to  pass  through  the  two  liquids.  In  two  hours  the  CQ|| 
plate  was  covered  with  a  white  matter,  which  was  dichlori 
of  copper.     He  repeated  his  experiments,  substituting  a  d 

*  Becquerel,  ii.  432.  f  Nicholson's  Jour.  xiv.  05. 

t  Histoire  de  Galvanism  par  Sue  ain^,  ii.  1 1 6. 

§  Gehlen's  Journal,  (second  series,)  v.  127. 
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centratcd  solution  of  nitrate  of  copper,  for  the  chloride.  A  Ch.xvin 
portion  of  the  copper  plate  at  the  line  of  separation  of  the  two 
liquids  remained  brilliant  and  untarnished.  Tlie  portion  of 
copper  above  this  line  was  covered  with  black  oxide;  the 
under  portion  of  the  plate  was  covered  with  small  graina  of 
metKllic  copper.  The  result  was  the  same  when  the  water 
was  acidulated  with  nitric  acid. 

When  nitrate  of  silver  was  substituted  for  nitrate  of  copper, 
and  a  plate  of  silver  for  that  of  copper,  the  result  was  the  ftame. 
Metalhc  silver  in  minute  cubes  was  deposited  upon  the  under 
portion  of  the  silver  plate,  and  oxidt^  of  silver  upon  the  upper 
^inrtion.  Similar  experiments  were  made  with  nitrate  of  lead 
mil  a  plate  of  lead,  chloride  of  zinc  and  a  plate  of  zinc,  sul- 
l<)iiile  of  iron  and  a  plate  of  iron,  with  similar  results. 

In   182fi  the  subject  was  taken  up  by  M.   npctiuercl,*  to  P>f«i|>H»- 
whoni  we  arc  intlebted  for  a  very  complete  investigation  of  this  ii»tai>  an 
interesting  subject,  and  for  applying  it  to  explain  the  numerous  |aI|H, " 
changes  which  are  continually  occurring  in  the  metallic  veins, 
and  even  the  rocks  const itutinjf  the  surface  of  the  earth.     Into 
a  glass  tube,  bent  in  the  form  of  a  U,  he  poured  a  solution  of 
-itlpbate  or  nitrate  of  copper ;  a  copper  wire  was  plunged  into 
'  ii'h  leg  of  the  tube,  and  these  wires  were  brought  into  con- 

ifxion  with  a  email  thermoelectric  apparatus.     The  copper 

lire  connected  with  the  negative  pole  became  covered  with 
;ii.-tallic   copper,  while   the  other   extremity   was   oxydized. 

.solutions  of  tin,  rinc,  silver,  and  lead,  with  wires  of  the  same 
nii'inis  gave  similar  results.  Wires  of  platinum  and  gold  in 
the  same  solutions  produced  no  effect;  the  case  was  ditTer- 
onl  when  ])latinum  or  gold  wire  was  made  to  act  on  nitrate 
of  silver. 

From  these  facts  he  c«iicluded,  that  by  very  feeble  electric 

:  'rce*,  metals  easily  reducible  are  precipitated  from  their  flolu- 

iiis,  by  plates  of  the  same  metal  as  that  held  in  solution. 

I  ■•■(•querel,  in  these  first  experiments,  showed  that  decomposi- 
tions of  metallic  solulione  arc  produced  most  easily  by  the 

M-tion  of  metals  the  same  with  those  held  in  solution.     He 

'  Ann.  dc  Chim.  el  dt>  fh^i.  xixh.  1S3. 
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P*rt  II.  gave  a  description  of  a  small  apparatus,- capable  of  contiiniii^ 
active  for  months,  by  means  of  which  these  decompoeitioM 
may  be  easily  induced. 

It  consists  of  two  glasses,  the  one  containing  nitric  acid  and 
the  other  a  solution  of  potash.  Into  each  of  them  is  plunged 
a  plate  of  platinum,  to  which  a  wire  is  united ;  and  the  ocn 
munication  between  the  two  liquids  is  established  by  means  of 
a  bent  glass  tube  filled  with  clay,  moistened  with  an  aqoeou 
solution  of  common  salt.  The  reaction  of  the  acid  and  alkaliM 
solutions  on  that  of  the  common  salt,  evolves  enough  of  dec 
tricity  to  produce  decompositions.  M.  Becquerel,  in  analja- 
ing  these  phenomena,  discovered  that  oxygen  is  much  mm 
easily  transferable  by  electric  currents  than  sulphuric  add. 
^oraaatjon  M.  Becqucrcl  prosecuted  these  interesting  investigatiov 
and  iodides,  with  assiduity,  and  in  1827,  his  experiments  on  the  formatioi 
of  chlorides  and  iodides  by  weak  electric  currents,  were  md 
to  the  Academy  of  Sciences  of  Paris,  and  published  diiri^ 
the  same  year.*^  *  He  found  that  when  a  neutral  salt  is  fdk» 
stituted  for  a  metallic  salt,  these  feeble  electric  currents  caiml 
traverse  the  liquid  when  we  employ  wires  of  gold  or  platmioi 
to  complete  the  current.  With  a  wire  of  silver  the  current  ii 
very  feeble ;  but  with  wires  of  zinc,  lead,  iron,  and  tin,  the 
effects  are  well  marked.  This  difference  depends  upon  the 
easy  alteration  of  the  oxidable  metals,  an  alteration  which 
facilitates  the  passage  of  the  electricity  of  a  wire  into  a  solu- 
tion. 
Of  double        It  bad  been  previously  ascertained  that  chlorides  hafe  a 

cluondes.  f .  .  i  i        i 

tendency  to  combme  with  each  other  so  as  to  constitute  double 
chlorides.t  Becquerel  attempted  to  form  these  double  chfe- 
rides  by  means  of  a  weak  electrical  current.  The  difficulty 
consists  in  employing  the  requisite  electrical  force.  If  the 
intensity  is  too  great,  we  isolate  all  the  elements ;  if  it  is  toe 
feeble  we  remove  only  one,  two,  or  three  of  these  elemeDt^ 

*  Ann.  de  Chim.  et  de  Phys.  xxxv.  126. 
f  Some  chlorides,  as  has  been  shown  by  Mr  Bonsdorf,  have  the  cbartf- 
ters  of  an  acid,  and  others  those  of  a  base  :  hence  they  combine  and  fora 
compounds  analogous  to  the  salts  formed  by  the  union  of  oxygen  acids  vitk 
oxygen  bases. 
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e  jtiit  a  plug  of  amianthus  into  tiie  bottom  of  a  glass  tube  Ch.xvi]i 

nt  into  tbc  shape  of  a  U.     Into  one  of  the  branches  ho  put  a 

dution  of  sulphate  of  copper,  and  into  the  other  a  solutioa 

F  common  aalC ;  then  the  communication  between  the  two 

|i|aids  was  completed  by  a  plate  of  copper.     In  a  short  time 

tat  end  of  the  plate  which  was  plunged  into  the  sulphate  of 

japper,  became  covered  with  metallic  copper ;  on  the  other 

tremity  of  the  pUte  were  deposited  octahedral  crystals  of 

e  double  chloride  of  sodium  and  copper,  which  are  decom^ 

eil  by  the  contact  of  water.     Similar  double  chlorides  were 

uiied  when  solutions  of  silver  and  of  other  metals  were 

bstituted  for  the  sulphate  of  cupper.     When  ta\  ammoniac 

a  employed  instead  of  common  salt,  there  were  obtained  the 

niblo  chlorides  of  ammonium  and  silver,  ammonium  and  lead, 


[  The  double  iodides  were  formed   in  the  same  way.     M.  ,'^,1,^'* 

*~M)uercl  put  into  one  branch  of  the  tube  a  solution  of  suU 

He  of  copper,  into  the   other,  of  tiydriodate  of  poloalu 

Ipper  ill  the  metallic  state  was  precipitated,  as  before,  on 

•  end  of  the  lead  plate  plunged  iuto  tlic  cupper  solution ; 

pile,  upon  the  other  extremity  of  the  lead  plate,  long  silky 

ments  appeared,  consisting  of  the  double  iodide  of  potaasium 

Head. 

\  He  took  a  tube  shut  at  one  of  its  extremities,  put  into  the 

torn  of  it  any  oxide — the  black  oxide  of  copper,  for  example 

kben  he  poured  over  it  a  solution  of  nitrate  of  copper,  and 

pged  into  it  a  plate  of  copper,  descending  to  the  very 

torn  of  the  tube.     In  a  fortnight  there  were  deposited  upon 

■  j)late  of  copper,  above  the  oxide,  red  octahedral  crystals 

Hihoxide  of  copper.     With  the  subacetate  of  lead,  a  plate 

d  aod  litharge,  we  obtain  the  protoxide  of  lead  in  penla- 

1  dodecahedrons,  or  in  silky  filaments. 

Mn  1829,  M.  Becquerel  prosecuted  those  experimental  in- Suiphunu.  I 

ligations,  and  succeeded  in  forming  sulphureta,  iodides,  and 

I,  by  similar  processes.*     He  had  conceived  the  idea, 

j^Wttio  compounds  had  been  formed  by  means  of  succes- 
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Partih  give  decompositions ;  and  this  idea  was  verified  daring  Hum 
investigations.  To  obtain  sulphuret  of  silyer,  such  as  it  oeon 
in  nature,  he  employed  a  glass  tube,  curved  in  the  form  of  i 
U,  having  a  quantity  of  moist  clay  at  the  curvatioD,  in  ordff 
to  keep  the  two  liquids  employed  distinct.  Into  one  of  the  kp 
of  the  tube  he  poured  a  solution  of  hyposulphite  of  potash,  wd 
into  the  other  a  solution  of  nitrate  of  silver ;  and  then  eiti> 
blished  a  communication  between  the  upper  portion  of  the  tn 
liquids,  by  means  of  a  silver  wire.  A  very  weak  electrie 
circuit  was  formed ;  the  extremity  of  the  silver  wire,  plnogei 
into  the  nitrate,  became  the  negative  pole,  and  the  other  a* 
tremity  the  positive  pole.  The  nitrate  of  sUver  was  deeQ» 
posed,  and  the  silver  was  precipitated  in  the  metallic  state. 
The  oxygen  and  nitric  acid  being  transferred  to  the  other  pahb 
determined  the  formation  of  a  double  hyposulphite,  the  fint 
by  oxydizing  the  silver,  and  the  second  by  decomposing  Ai 
hyposulphite ;  the  consequence  was  the  formation  of  a  dooUi 
hyposulphite  in  fine  crystals.  The  nitric  acid  still  contimiif 
to  come  to  that  pole,  acted  upon  the  double  hyposulphite,  ^ 
composed  it,  and  occasioned  the  formation  of  very  regiii 
crystals  of  sulphuret  of  silver  :  hence  the  crystallization  of  te 
sulphuret  is  owing  to  the  slow  decomposition  of  the  donbb 
hyposulphite. 

The  energy  of  this  apparatus  being  very  feeble,  the  siher 
deposited  at  the  negative  pole  has  time  to  assume  a  regoitt 
crystalline  form.  By  proceeding  in  the  same  manner,  crystib 
of  all  the  other  metals  may  be  obtained. 

If  for  silver  and  its  nitrate,  we  substitute  copper  and  iti 
nitrate,  we  form  a  double  hyposulphite  of  copper  and  potaA 
which  crystallizes  in  very  fine  silky  needles.  By  continmng 
the  action,  this  double  salt  is  decomposed,  and  crystals  of  sid- 
phuret  of  copper  with  triangular  faces  are  obtained.  By  a 
similar  process  the  oxysulphuret  of  antimony  may  be  formed. 
He  obtained,  likewise,  sulphurets  of  tin,  lead,  mercury,  iroi^ 
and  zinc. 

Iodides.  M.  Becqucrel  followed  the  same  process  in  order  to  obtaii 

the  metallic  iodides,  the  crystals  were  very  distinct.     He  sub- 
stituted hydriodate  of  potash  or  soda  for  the  alkaline  hj-posul- 
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■tc.     With  lead  he  obtained  lirst  a  double  iodide  of  lead  and  ch.xviil  I 
pMssium,  which  crystnllized  in  very  fine  white  silky  needles.  1 

w  little  and  little  that  compound  was  decompoaed,  be^^innlng  ' 

itbe  under  part  contiguou§  to  the  clay.  A  great  nnmber  of 
Btahedral  crystals  were  observed,  of  a  golden  yellow  colour 
U  a  brilliant  appearance.  These  crystals  constituted  iodide 
Bead.  Copper  subjected  to  the  same  treatment  g:aTe,  at  first, 
Honble  iodide  in  vrliite  needles;  this  being  decomposed  in 

■  turn,  beautiful  rrystals  of  iodide  of  copper  were  formed. 
}  M.  Bec<]uerel  carried  these  successive  decompositions  and 
HBtAllixatinns  much  farther,  in  a  paper  read  to  the  French 
bdcmy,  iu  January,  1830."  It  had  been  shown  by  Davy, 
■t  when  Tarious  solutions  are  mixed  together  and  exposed 
Briectric  currents,  the  acids  and  oxygen  poaa  to  the  positive 
Be,  while  the  bases  and  hydrogen  make  their  way  to  the 
Batire  pole.     The  same  thing  happens  when  the  solutions 

■  put  into  two  capsules,  communicating  with  each  other  by 
HMened  amianthus.  This  always  takes  jilacc  when  the 
letrical  force  is  great  enough  to  produce  decomposition  in 

■  solutions ;  but  if  it  be  strong  enough  to  decompose  one 
my,  then  the  elements  of  this  one  are  transported  into  the 
■er  capsule,  where  they  generally  produce  modifications 
nch  lead  to  the  formation  of  new  compounds. 
FM-  Becquerel  in  this  paper  examines,  in  the  first  place,  the  Ooubii 
he  when  the  metal  found  at  the  positive  pole  of  a  solution, 
kcurs  by  the  reaction  of  its  oxide  to  the  formation  of  com- 
BndB.  He  took  two  glass  vessels ;  into  the  one  he  poured 
Bolution  of  sulphate  of  copper,  and  into  the  other  an  alcoholic 
■ition  of  sulpho-carbonate  of  potash.  The  commuDication 
K  established  between  these  glasses  by  means  of  An  inverted 
Uk  syphon,  filled  with  clay  moistened  witli  a  solution  of 
Hnte  of  potash,  and  by  means  of  an  arc  composed  of  two 
BtM  of  copper  and  lead — the  copper  dipping  into  the  sul- 
mUte,  and  the  lead  into  the  Bulplio.«arbonate.  An  electrical 
IrreDt  la  produced  by  this  arrangement,  which  arts  in  the 
plowing  manner : — Copper  is  precipitated  in  the  glass  con- 
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1 11.  fauning  the  sulphate.  Bicarbonate  of  potash  u  depoutcd  ■ 
crystals  on  the  aides  of  the  yessel  contuning  tbe  snlphtKv- 
bonate.  A  double  Bulpho-carbonate  of  lead  and  potadi  ii 
deposited  in  tbe  same  vessel,  in  acicular  crystals,  togcAs 
with  carbonate  of  lead,  and  probably  aulphate  of  potash,  td 
sulphate  of  lead.  Finally,  octahedral  crystals  of  snlpiB 
with  rhomboidal  bases,  were  also  deposited.  In  this  expo^ 
ment,  the  property  which  sulphuric  acid  possesaes  of  a^aalr 
iag  the  weaker  acids  from  the  bases  with  which  they  wm 
united,  exerts  its  force  only  in  conaequeace  of  the  feeUew 
of  the  electric  current.  Were  its  energy  greater,  aB  tk 
acids,  without  distinction,  would  be  transferred  to  the  pontift 
pole. 

M.  Becquerel  gives  a  description  of  an  apparatas  w)iA 
allows  the  experimenter  to  avoid  or  employ  at  pleasure  Ac 
reaction  of  metallic  oxides.  It  may  be  worth  while  to  gin  tk 
reader  an  idea  of  this  ^paratos : — It  consists  of  three  ^w 


cylindrical  vessels,  A  A'  A",  placed  near  each  other  upon  tha 
same  horizontal  plane.  The  first  is  filled  with  a  solution  d 
sulphate  or  nitrate  of  copper ;  the  second,  with  a  aolutioo  if 
tbe  substance  on  the  constituents  of  which  we  wish  to  opentt; 
and  the  third,  with  water  rendered  slightly  conducting  by  Al 
addition  of  an  acid,  or  of  common  salt.  A  communicatci 
with  A'  by  means  of  a  bent  tube,  aGc,  filled  with  clay  mcM- 
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med   with  a  saline  eolution,  the  nature  of  which  depends  Ch.XViH 

I  the  effect  which  we  wish  to  produce  in  A'.     A'  and 

,'  communicate  by  means  of  a  plate  of  platinum  or  gold, 

f  C  d.     And  finally,  A  and  A*  are  united  by  two  metals 

mposcd  of  two  plates,  Mr  and  Mz,  of  copper  and  zinc. 

ally,  a  tube  of  safety,  t  f,  is  placed  in  the  glass  Tessel  A-, 

»  indicate  the  pressure  produced  by  the  evolution  of  gas. 

1  this  disposition,  the  extremity  a  of  the  plate  of  plati- 

D  is  the  positive  pole  of  a  small  electric  pile,  the  action  of 

bicb  is  slow,  but  constant.     When  the  liquid  contained  in 

L  is  a  good  conductor,  the  intensity  of  the  current  is  sufii- 

nl  to  decompose  the  sulphate  of  copper  in  A.     Wlien  the 

3  passes  to  a*,  as  well  as  the  sulphuric  acid,  which  in 

wng  into  the  tube  aG  c,  diseogBges  sometimes  the  acids 

I  hare  less  afSnity  than  it  has  for  the  bases  with  which 

B  combined,  all  the  elements  pass  into  the  liquid  A', 

I  their   slow  uction  on   each   other   occasion   different 

vges. 

edmes  it  is  necessary  to  place  a  fourtli  ghiss  cylinder 

1  A  and  A'.     Into  it  a  sufficient  quantity  of  (he  saline 

felntion  to  be  decomposed  by  the  sulphuric  acid  is  put,  so 

kat  the  effects  produced  iu  the  liquid  A'  may  not  be  inter- 

1  when  all  the  salt  in  the  moist  clay  is  decomposed.     In 

net  when  we  wish  to  transfer  an  electro-negative  gas, 

Weent  acid,  into  the  liquid  in  A',  it  will  be  sufficient  to 

i  in  the  clay  a  solution,  which  by  its  reaction  on  the  euU 

c  acid  coming  from  the  decomposition  of  the  sulpliate  of 

T,  allows  that  gas,  or  that  acid,  to  be  disengaged.     But 

lbs  object  be  to  transport  hydrogen,  or  an  electro-positive 

If  we  must  reverse  the  means  of  communication,  and  put 

i'  c  in  place  of  the  tube  a  G  e.    Finally,  if  we  replace  the 

bum  plate  by  a  plate  of  an  oxydisablc  metal,  we  introduce 

le  solution  the  reaction  of  an  oxide,  which  being  in  a 

t  state,  concurs  in  the  formation  of  the  products. 

■'An  example  or  two  will  serve  to  render  the  use  of  this 

«ratus  familiar.      Into  the  glass  cylinder  A  way  put  an 

^ofaolie  solution  of  sulpho-carbonate  of  potash,  into  the  gloss 

\f  a  solution  of  sulphate  of  copper,  and  into  the  clay  of  the 
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Part  II.  tube  a  G  c,  a  solution  of  nitrate  of  potash.  In  tweDty4Hr 
hours  the  reaction  of  the  oxygen,  and  of  the  nitric  add|  m 
the  solution  of  the  sulpho-carbonate  of  potash  was  senabk; 
for  upon  the  platinum  plate  were  observed  crystals  of  solpkr 
and  of  bicarbonate  of  potash. 

When  we  substitute  for  the  alcoholic  solution  of  siilplM^ 
carbonate  of  potash,  an  aqueous  solution  of  salpho-carbouti 
of  barytes,  analogous  reactions  become  sensible;  sulphur ii 
precipitated  in  small  crystals,  and  sulphate  of  luuytes  cryHd- 
lizes  in  prismatic  needles. 
Crystals  of  In  1831,  M.  Bccquerel  discovered  a  method  of  obtainiig 
ofiinuTob-  artificial  crystals  of  carbonate  of  lime.*  Cruikshanlu  ui 
uined.  Daniell  had  observed  that  when  we  expose  to  the  air  a  sob* 
tion  of  sugar  and  lime,  in  a  large  open  vessel,  the  suiCm 
becomes  covered  with  small  crystals,  which  fall  to  the  botton 
of  the  vessel,  and  are  speedily  replaced  by  others.  Tbm 
were  crystals  of  carbonate  of  lime ;  but  the  mode  of  iUk 
formation  was  disputed.  M.  Becquerel  took  a  glass  tiii 
bent  into  the  form  of  a  U,  at  the  curvature  of  which  a  pl^ 
of  cotton  was  placed  to  separate  the  two  liquids  from  etch 
other.  Into  the  legs  of  this  syphon,  he  poured  a  solntioo  d 
1  part  of  lime,  and  16  parts  of  sugar,  in  100  parts  of  wat0* 
Into  each  leg  of  the  syphon  was  plunged  a  plate  of  platimni, 
communicating  with  the  poles  of  a  Voltaic  battery,  charged 
with  a  weak  solution  of  common  salt,  cont^dning  one  per  ccDt 
of  sulphuric  acid.  Finally,  all  the  openings  of  the  tubes  were 
carefully  shut  in  order  to  exclude  the  common  air.  The 
reactions  were  such  that  carbonate  of  lime,  partly  in  crystal^ 
was  precipitated  upon  the  positive  plate :  hence  it  is  cletr, 
that  the  formation  of  the  carbonate  must  have  been  owing  ti 
the  decomposition  of  the  sugar ;  but  the  subject  was  after- 
wards examined  by  M.  Pelouze,  who  showed  that  the  oiij 
use  of  the  sugar,  in  the  experiments  of  Cruikshanks  vd 
Daniell,  was  to  increase  the  solubility  of  the  Hme,  and  Had 
the  carbonic  acid  of  the  carbonate  came  from  the  atmosphere- 
M.  Becquerel  was  induced  by  these  experiments  to  investi- 
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e  the  action  of  sugar  and  mucilage  on  metallic  oxidea,  by  Ch-XVIU 
t  intervention  of  alkaJies  and  earths  ;*  and  we  may  notice  Action  or 
■  results  though  the  subject  is  not  connected  with  electric  J^J^ 
rents.     If  we  mix  oxide  of  coppt-r,  newly  precipitated,  «ipp*r. 
b  lime  nnd  water,  and  apply  heat,  the  oxide  becomes  blacli, 
lag  rendered  anhydrous.     If  wo  add  a  little  common  sugar, 
wrtion  of  the  oxide  dissolves,  and  the  liquid  assumes  a  blue 
If,  similar  to  that  of  a  solution  of  oxide  of  copper  in 
monia.     Honey  and  sugar  of  milk  have  the  same  property. 
Potash  and  soda  behave  precisely  as  lime  docs,  excepting 
only  that  their  dissolving  power,  is  greater.     Barytes  and 
-trontian  possess  that  property  only  feebly.     Thus,  potash, 
Ilia,  and  Ume,  have  the  property  of  dissolving  oxide  of  cop- 
jiir.  even  without  heat,  when  any  sugar  exists  in  the  solution ; 
m  character  which  may  enable  us  to  recognise  the  presence  of 
sugar  iu  solutions  of  organized  substances.     Gum  possesses 
no  such  property.     Gum  has  the  power  of  precipitating  gum 
'<  lien  added  to  a  solution  of  gum  Gontainiog  an  alkali  or  on 
rirth. 

Experience  having  proved  that  the  affinity  of  a  body  for  ^^I^dS™ 
^mther  greatly  facilitates  electro-chemical  decompositions, 
i Hcquerel  employed  this  principle  to  reduce  oxide  of  iron, 
iiMgnesia,  zirconia,  and  glucina.!  He  conceived  from  rcflcct- 
ini-  on  the  chemical  reactions  which  take  place  in  living 
itiiimals  that  vitality  developes  peculiar  electric  forces,  which, 
though  feeble  in  appearance,  produce  nevertheless  effects 
which  can  only  be  obtained  by  affinities  of  a  certain  energy. 

<  >no  of  the  nietliods  of  giving  prohability  to  this  opinion,  ia  to 
]>['»ve  that  we  can  produce  in  inorganic  compounds,  energetic 

<  licmical  effects,  with  feeble  electric  forces.  He  took  two 
L'lasa  tube^,  cont»ning  eacii  in  its  bottom  a  quantity  of  pure 
clav,  and  plunged  half  way  into  a  vessel  tilled  with  water. 
Into  the  first  he  poured  a  sululion  of  nitrate  of  copper,  and  by 
a  plate  of  platinum  connected  it  with  the  positive  pole  c»f  a 
Voltaic  trough  of  thirty  pairs.  Into  the  second  tube,  con- 
nected in  the  same  way  with  the  negative  pole,  was  put  a 
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Part  II.  solution  of  common  salt.  In  this  case  water  alone  was  deoon* 
posed,  and  not  nitrate  of  copper.  The  reason  obvionsly  n 
that  the  oxide  of  copper  could  not  be  transported  throogfa  Ae 
pure  water,  because  it  could  not  form  in  that  liquid  a  aMk 
compound.  If  we  operate  in  the  inverse  manner,  that  ii,  7 
we  put  the  nitrate  of  copper  into  the  negative  tabe,  deooB- 
position  takes  place ;  the  copper  being  deposited  upon  Ae 
negative  pole,  and  the  acid  transported  through  the  liquid  to 
the  positive  pole. 

If  we  pour  into  a  negative  tube  a  solution  of  sulphate  d 
copper,  and  into  the  positive  tube  a  solution  of  nitrate  of  pol> 
ash,  the  nitric  acid  is  disengaged  in  this  last  tube ;  the  potak 
in  passing  to  the  negative  tube  acts  on  the  sulphate  of  copper, 
separating  a  portion  of  the  oxide  of  copper,  which  is  redoeei 
and  occasions  the  double  sulphate  of  copper  and  potash  wUek 
crystallizes.  As  long  as  sulphate  of  copper  remains  tok 
decomposed,  and  as  there  is  a  sufficient  quantity  of  nitrate  i( 
potash  in  the  positive  tube,  the  sulphuric  acid  is  not  trmh 
ported  into  that  tube;  but  as  soon  as  the  double  snlphile 
begins  to  be  decomposed,  its  presence  there  may  be  reodeni 
sensible  by  nitrate  of  barytes.  We  may  lay  it  down  as  i 
general  rule,  that  when  two  salts  are  in  solution,  the  moil 
soluble  is  always  decomposed  in  preference  of  the  other. 

It  was  supposed  at  first  that  pretty  strong  electric  currento 
were  necessary  to  decompose  solutions  of  manganese,  zioCt 
iron,  tin,  and  arsenic,  and  to  obtain  a  certain  quantity  of  tbt 
reduced  metal  at  the  negative  pole.  The  solutions  of  titaa- 
ium,  nickel,  cobalt,  uranium,  and  chromium,  offered  at  M 
no  sensible  traces  of  decomposition ;  but  M.  Becquerel  sooa 
discovered  that  the  presence  of  water  was  an  obstacle  to  the 
decomposition  of  these  salts,  especially  when  the  oxygen  of 
the  water  has  less  affinity  for  the  hydrogen  than  it  has  for  the 
metal.  When  this  was  the  case,  water  alone  might  be  deooah 
posed.  On  this  account  it  was  necessary  to  employ  veiy 
concentrated  solutions,  or  sometimes  the  oxides  themsdvei 
slightly  moistened. 

Even  these  precautions  are  not  sufficient  when  we  wish  to 
reduce  refractory  oxides.     We  must  then  have  recourse  to 
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lOtbvr   method.     When  ihc   hydrogen   gas  arrives  at  the  t^hXVli 

jgative  pole,  it  nuBt  exert  there  a  reducing  power  so  much 

\  more  energetic  tlie  longer  it  remains   in   the  stale  of 

»!nt  gas,  a  state  tlic  most  favourable  possible  to  chemical 

The  less  rapid  the  current  of  gas  disengaged  is,  the 

A'lU  it  remain  in  the  nascent  state.     But  this  requires 

a  weak  flcctric  current ;  hence  a  certain  deareo  of  electric 

force  will   be  more  succeaaful  iu  reducing   these  retraclory 

metals,  than  a  stronger  one  would  be. 

Guided  by  these  theoretical  considerations,  Uee^iuerel  rc- 
>  /JDced  from  these  solutions,  and  with  an  exceedingly  weak 
■Birce,  iron,  zirconium,  glucinuin,  and  magnesium,  in  crystals 
^P  crystalline  plate^j. 

^■hTo  reduce  iron  to  the  metallic  state,  he  employed  a  battery 
^JnTC  or  sis  pairs,  feebly  charged,  or  even  of  a  single  pair. 
^^B  made  use  of  two  tubes  arranged  as  formerly  described. 
^Hd  the  negative  tube  he  poured  a  solution  of  the  protoaul- 
^^■te  of  iron,  and  into  the  other  a  solution  of  common  salt ; 
^^B  the  battery  was  so  weakly  charged  that  the  evolution  of 
^^B  was  scarcely  sensible.  Tlie  soda  and  hydrogen  passed 
^Bo  the  negative  tube.  The  alkali  uniting  with  the  sulphuric 
^■^  fanned  a  double  sulphate  of  iron  and  soda ;  while  the 
^Kdrogen  reacting  on  the  oxide  at  the  instant  of  its  precipita- 
^^p,  occasioned  ita  reduction.  The  iron  b  deposited  upon  the 
^^■{Btive  plate,  sometimes  in  very  small  crystals,  sometimes 
^Hlf  it  had  been  in  fusion,  (especially  when  the  action  is  very 
^^b,)  and  sometimes  in  small  round  tubercles  more  or  less 
^^mtalline.  When  tlie  plate  is  covered  with  crystals  symme- 
^^bally  arranged,  it  possesses  magnetic  polarity,  owing  doubt- 
^^B  to  the  want  of  continuity  iu  the  particles  of  iron ;  for  tho 
^^hnanency  of  the  magnetic  properties  of  steel  is  probably 
^^png  to  the  interposition  of  the  (lartirlea  of  carbon,  which 
^■•Tenta  the  two  kinds  of  magnetism  from  combining  together 
^H^er  having  been  separated. 

^^Maguesin  is  reduced  with  more  difficulty  than  iron.  Bcc- 
^Burel  was  obliged  to  employ  a  battery  of  thirty  pairs  of 
^BRt«s.  Ho  put  into  the  negative  tube  chloride  of  ma^nicsium ; 
^Miich  havini;  been  formed  in  a  silver  vessel,  contained  a  small 
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Cementa 
tion  ex- 
plained. 


Part  II.  quantity  of  tbat  metal,  which  was  favourable  to  the  suooevif 
the  process.  There  was  first  formed  upon  the  platinum  plik 
a  grey  deposite,  then  tubercles  of  the  same  colour,  and  fimlf, 
octahedral  crystals  of  a  silver-white  colour,  possessing  all  Ae 
characters  of  magnesium. 

M.  Becquerel  employed  electric  currents  to  explain  kv 
iron  is  converted  into  steel  by  the  process  of  cememiaiiomy  wd 
how  in  many  rocks  the  elements  are  transferred  from  witkii 
to  without,  and  replaced  by  others  without  any  loss  of  soG^ 
being  the  consequence.  Nature  must  employ  forces  cspaUi 
of  transporting  these  elements  in  two  different  directions,  ai 
to  great  distances.  Now,  electric  currents  supply  all  tk 
forces  necessary  to  produce  such  effects. 

When  iron  and  charcoal  are  in  contact  at  the  tempentnv 
of  ignition,  if  we  bring  both  of  these  bodies  in  contact  witli  a 
electro*multiplier,  we  shall  find  that  a  strong-  electric  corrat 
exists,  which  passes  from  the  iron  into  the  charcoal — the  oa 
direction  as  that  of  the  current  produced  by  the  combimte 
of  iron  with  oxygen,  or  of  a  base  with  an  acid.  By  meaniif: 
this  current,  the  particles  of  carbon  are  transferred,  at  a  irf 
heat,  into  the  interior  of  the  iron,  and  thus  the  iron  becoBMi 
steel. 

In  1832,  M.  Becquerel  showed  how,  by  means  of  electric 
currents,  crystals  of  metallic  oxides  might  be  obtained.*  Tt 
dissolve  the  oxides  he  employed  peroxide  of  potassium,  wbick, 
in  consequence  of  its  high  degree  of  oxidation,  cannot  be 
capable  of  forming  with  these  oxides  combinations  so  stahk 
as  those  with  potash,  which  is  a  more  energetic  base. 

When  potash  is  melted  in  an  open  silver  crucible,  it  losei  a 
part  of  its  water,  and  absorbs  oxygen  from  the  atmosphere, 
forming  peroxide  of  potash,  which  is  decomposed  by  water, 
oxygen  gas  being  disengaged.  If  we  put  into  a  silver  crucibk 
half  a  gramme  of  black  oxide  of  copper,  with  two  or  three 
grammes  of  caustic  potash,  prepared  by  means  of  alcohol,  and 
keep  its  temperature  for  a  few  minutes  at  incipient  igoidoB, 
the  oxide  of  copper  will  be  completely  dissolved.     When  the 


Crystals  of 
oxides  ob- 
tained. 
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pition  coold,  oxygcu  gas  is  diseugngcd,  flocks  of  block  oxide  Ch.xvitt 

■copper  are  dUengaigcd,  and  small  crystals  of  anbydroiu 

mk  osidc  are  formed,  aome  of  which  have  aametimcu  8 

ktb  of  several  millimeters. 

pPhen  tbo  crucible  is  kept  for  aome  time  in  a  red  beat,  tb« 

P^  oxide  of  copper  is  chati^d  into  red  oxide,  which  is 

ptained  in  small  crystals  of  a  brick-red  colour. 

L  When  protoxide  of  lead  is  substituted  fur  bluck  oxide  of 

JBper,  we  obtalu  that  protoxide  crysUvUized  in  small  cubes  or 

■are  plates,  provided  the  crucible  be  kept  only  a  very  short 

■e  at  an  incipient  ruil  beat.     If  the  red  heat  bo  continued 

■  some  time,  ibe  protoxide  of  lead  passes  into  the  {leroxide, 
Bcb  crystallixce  in  hexagonal  plates  of  a  flea-brown  colour. 
■DBphate  and  sulphate  of  lead  treated  in  the  same  way  arc 
■ipletely  decomposed,  while  crystaU  of  protoxide  and  per- 
He  of  lead  are  formed.  By  the  some  process  tbo  oxide  of 
■Alt  may  be  obtained  in  squure  plates,  and  the  oxide  of  ztnc 
■Kedles  of  a  dirty  yellow  colour. 

Bb  has  been  often  remarked,  that  in  chemical  operations  the 
BIb  of  the  vessel  have  an  influence  on  tlio  reactions.  M. 
■cquerel  attempted  to  ascertain  the  nature  of  this  influence.* 

■  took  a  narrow  glass  tube,  open  at  both  extremities,  and 
■oduced  by  one  end  a  quantity  of  calcined  oxide  of  cobalt 
■uced  with  water  into  a  very  fine  paste,  llic  aperture 
■R  then  closed,  a  silver  wire  introduced  into  the  tube,  and 

■  upper  portion  of  it  filled  with  a  solution  of  chloride 
t  chromium,  .\fler  a  fortnight  small  dendritJcal  metallic 
lystala  began  to  lie  perceived  on  the  inferior  part,  and  on 
bo  surface  of  the  tube.  He  obtained  the  samo  effect  without 
iDploying  the  silver  wire.  The  oxide  of  cobalt,  which  is  not 
^■ily  reduced  by  the  action  of  Voltaic  electricity,  yields  in 
bis  instance  to  a  e\irreut  ap]iareDtly  feeble,  but  wliich,  how- 
fer,  must  possess  considerable  energy. 

^  The  inner  snrface  of  the  tube  must  have  exercised  a  great 
Iftacncc,  as  tbo  reduotiou  took  place  above  In  the  slow 
^tion  of  the  chloride  of  chromium  on  the  oxide  of  cobalt, 

I  *  Ann.  de  t'him.  i>l  ilc  Pbyi.  lii.  3-I.S.  ^^H 
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Part  II.  electricity  was  disengaged.  The  two  fluids  must  have  united 
along  the  inner  surface  of  the  tube,  which  served  to'estaUiak 
the  poles  of  the  small  battery. 

M.  Becquerel's  next  attempt  was  to  obtain  sulphnrets  bf 
other  processes.*  He  experimented  chiefly  on  sulphmrets  of 
lead  and  of  antimony.  Into  a  tube  of  glass,  shut  at  one  eai 
he  put  a  quantity  of  sulphuret  of  mercury ;  over  it  was  pooiri 
a  solution  of  chloride  of  magnesium,  and  a  metallic  plite  of 
lead  was  passed  through  the  solution  to  the  very  bottom  d 
the  tube.  The  tube  was  now  sealed  hermetieally,  and  iti 
contents  left  to  the  slow  action  of  the  electric  current  indneei 
by  their  mutual  action  on  each  other.  In  about  six  we^i 
thin  metallic  film  began  to  be  perceived  on  the  inner  surfiM 
of  the  tube,  just  above  the  sulphuret  of  mercury.  This  ffli 
detached  itself,  and  its  inner  side  was  studded  with  tetr»» 
hedral  crystals  of  pure  sulphuret  of  lead.  On  opening  tki 
tube,  a  gas  was  disengaged,  having  the  odour  belongiog  ll 
combinations  of  sulphur  with  chlorine  and  hydrogen.  AaA 
mony  subjected  to  a  similar  treatment,  also  furnished  crystdb; 
but  their  nature  was  not  so  accurately  determined,  thoifk 
probably  they  were  sulphuret  of  antimony. 

Such  are  the  most  important  of  the  experiments  made  bf 
M.  Becquerel  to  forpi  a  great  number  of  combinations  aai 
decompositions  by  means  of  weak  electric  currents.  At  tie 
meeting  of  the  British  Association  held  at  Bristol  in  183fi, 
Andrew  Crosse,  Esq.,  read  to  the  chemical  section  the  reaA 
of  a  set  of  similar  experiments,  on  which  he  had  been  engagfii 
for  several  years.  Without  being  aware  of  what  had  beei 
previously  done  by  M.  Becquerel,  Mr  Crosse  had  obtaioel 
many  similar  results,  and  came  to  similar  conclusions,  it 
will  be  sufficient  if  we  state  here  the  general  result  of  Jfr 
Crbsse's  investigations. 
Experi.  In  the  neighbourhood  of  Broomfield,   in    Somersetshire^ 

Mr  Crosse,  there  is  a  cavern,  the  roof  of  which  is  partly  studded  witk 
arragonite  and  calcareous  spar  in  fine  crystals.  The  wattf 
which  flows  from  that  roof  contains  in  the  quart  about  tci 

*  Ann.  (Je  Chim.  et  de  Phys.  liii.  105. 
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HibBtancea  were  upon  which  these  currents  acted,  and  what  C 
the  specific  chang'cs  induced. 

The  experiments  of  Mr  Fox  and  Mr  Henwood  cnnstitute 
B  interesting  commencfiment  of  these  very  important  inveati- 
,     The  veins  of  lead  ore  in  the  north  of  England,  be- 
;  so  much  more  numerous,  and  less  deep,  than  those  of 
iwall,  and  passing  through  a  greater  number  of  beds, 
[1  deserve  to  be  experimented  on  in  a  similar  manner.    Is 
Bvot  prnlmblo  that  the  thin  layers  of  iron  pyrites  so  common 
ll pit-coal,  owe  their  origin  to  electric  currents? 
r  Mr  8pcnccr  of  i^ivcrpool  has  mitde  a  very  ingenious  appli-  e 
ration  of  a  Voltaic  battery  of  low  intensity,  which  promises  '„ 
to  be  exceedingly  useful  by  enabling  ua  to  form  engravings  on  '" 
copper  in  relief,  which  may  be  substituted  for  wood-outs,  and 
thus  printed  at  tbe  same  tiim^  with  the  letter>prcs3.     The 
method  which  he  has  suggested  is  this; — 
Into  tlie  glass  vessel   A,  pour  a  saturated 
solution  of  sulphate  of  copper.     Place  the 
glass  cylinder   B,   open  at  both   ends,  but 
bKving  the  bottom  shut  with  a  plug  of  plas- 
ter of  Paris  about  an  inch  thick,  so  that  it 
shall  occupy  the  centre  of  the  vessel  A.    Fill 
it  with  a  solution  of  common  ealt.     C  is.the 
■•.ipper  plate  on  which  the  engraving  ia  to 
':n-  made.     A  copper  wire  is  to  be  soldered 
'<>  it,  while  a  plate  of  zinc  is  soldered  to  the 
riiber  end  of  it.     The  wire  is  to  be  so  bent 
that  the  copper  plate  C  is  just  under  the     ^_^ 
plaster  plug,  and  of  course  immerse<l  in  the 
sulphate  of  copper  solulion ;   while  the  zinc  plate  is  aboTe 
the  plaster  plug  in  the  small  glass  cylinder,  and  of  course 
iiiiroer»e<]  in  the  ^solution  of  common  saJt. 

The  copper  plate  C,  before  being  soldered  to  the  wire,  ts 

"■verctl  with  varnish,  and  the  figures  or  lines  wished  to  be 

Mnnrd  upon  it  in  relief  are  drawn  upon  the  varnish,  taking 

jrc  that  every  line  penetrates  to  the  metal.    After  the  graver 

has  done  its  duly,  pour  upon  the  varnish  a  httio  dilute  nitric 

^wd,   and  allow  it   to  remain  till   tlie   oxide  is  completely 
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Parti  I.  removed,  and  the  bottom  of  every  line  consists  of  metallic 
copper.  Now,  place  the  whole  as  in  the  figure.  The  plas* 
ter  of  Paris  plug  becoming  wetted  with  the  liquid,  allows  the 
Voltaic  energy  to  pass,  and  the  circle  is  complete.  M^allie 
copper  is  deposited  on  every  line,  and  adheres  firmly  to  itt 
metallic  plate,  so  that  when  the  varnish  is  remoyed,  efoj 
line  is  exhibited  in  relief.  Thus  the  copper  plate  may  be  set 
up  along  with  the  letter-press,  precisely  like  engravings  npai 
wood. 

This  method  will  obviously  save  a  good  deal  of  expeoH^ 
and  may  be  applied  in  a  great  variety  of  ways.  Mr  SpeKcr 
has  very  ingeniously  pointed  out,  or  alluded  to  various  pll^ 
poses  to  which  it  may  be  applied.  He  has  shown  how  fv 
similes  of  coins,  medals,  &c.,  may  be  made,  and  how  eogash 
ings  may  be  multiplied  by  it  ad  infimtunu  This  most  b 
particularly  useful  in  the  potteries,  where  ten  or  twelve  flfr 
gravings  of  the  same  pattern  are  often  required. 

Mr  Spencer's  pamphlet  has  been  just  printed  in  Livcrps4| 
It  is  entitled.  An  Account  of  some  Experiments  mutde  fir  Ik 
purpose  of  ascertaining  howfitr  Voltaic  Ekdricity  may  be  m 
fully  applied  to  the  purpose  of  Working  in  MetaL  BeiMgi 
paper  read  at  a  meeting  of  the  Liverpool  Polytechnic  Soeklfi 
held  at  the  Medical  Institution^  Mount  Plecuani,  on  Tkurwkfi 
the  \2th  September^  1839.  It  is  a  most  interesting  pamphkl 
of  twenty-six  pages,  and  exhibits  one  of  the  happiest  and  noi 
masterly  pieces  of  inductive  reasoning  in  the  English  hi^ 
guage. 


CHAPTER  XIX. 

OF  THE  ELECTRICITY  OF  THE  ATMOSPHERE. 


After  discovering  the  Leyden  phial,  and  witnessing  tin 
effects  of  electrical  batteries,  electricians  could  not  sToil 
perceiving  the  analogy  which  existed  between  lightning  9jA 
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ntricity.     This  analogy  was  accordingly  pointed  out  by  Cb.  XIX, 


pious  individuals,  especially  by  the  Abb^  Nollet ;  but  it  was  i.ightnini 
f  Krnnklin,  who,  having  discovered  the  power  of  pointed  "[jjjjj; 
8  to  ilischnrj^e  electricity  at  a  distance,  first  thought  of  ■*^'- 
■ployiitg  that  metliud  to  render  almospberical  electricity 
Bible.     Not  having  in  America  the  requisite  means  for 
1  an  experiment,  ho  requested  the  electricians  in  Europe 
Wrn  their  attention  to  it.     The  Urst  person  who  attended 
I  suggestion  was   M.   D'Ahilard,  who  constructod  an 
irstus  for  the  purpose  at  Marly  la  Ville,  about  6  leagues 
1  Paris.     It  consisted  of  an  iron  ro«l  40  feet  lon^,  the 
r  extremity  of  which  was  brought  into  a  sentry-box  where 
t  could  not  enter ;  while  on  the  outsidv  it  was  fastened  to 
B  wooden  posts  by  silken  strings  defended  from  the  rain. 
J  D'Ahilard  was  obliged  to  leave  home,  but  in  bis  absence  v«rifii 
l-intmsted  hi^  machine  to  one  Coisier,  a  joiner,  wbo  had 
ped  14  years  among  the  dragoons,  and  on  whose  courage 
t  understanding  he  could  depend.    This  artisan  had  all  tbo 
ttisitc  instructions  given  him,  and  he  was  desired  to  call 
0  of  Ilia  noighhouTs,  particularly  the  curate  of  the  parish, 
r  there  should  be  any  appearance  of  a  thunder  storm. 
I  Wednesday  the  1 0th  of  May,  1752,  between  two  and 
I  in  the  afternoon,  Coisier  heard  a  pretty  loud  clap  of 
Immediately  fao  ran  to  the  machine,  taking  with 
a  pbial  furnished  with  a  brass  wire :  and  presenting  the 
B  to  the  end  of  the  rod,  a  small  spark  issued  from  it  with  a 
p  like  that  of  aspark  from  an  electrified  conductor.  Stronger 
■ks  were  afterwards  drawn  in  the  presiiice  of  the  curate  and 
t  oinubor  of  other  people.     The  curate's  account  of  ihcm  was 
that  they  were  of  a  blue  colour,  an  inch  and  n  half  in  length, 
and  amellcd  strongly  of  sulphur.     In  taking  tbem,  Coisier 
reived  a  stroke  on  his  arm,  a  little  below  the  elbow. 
Eight  days  after  this,  M.  Delor  witnessed  the  same  appear- 
8  at  his  honiie  situated  in  one  of  the  highest  spots  in 
His  apparatus  was  siniilur  to  that  of  D'Ahilard,  ex- 
ting  that  his  iron  ro<l  was  99  feet  in  length.     There  waa 
kbunder  nor  lightning,  only  a  cloud  passed  over  the  house. 
^Dr  Franklin,  after  having  published  hia  views  on  this  sab- 
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Part  i<,  ject,  was  waiting  for  the  erection  of  a  spire  in  Philadelphia  to 
FranUin*!  ^^^cute  his  experiment.  It  occurred  to  him  that  by  meau  d 
electric       ^  common  kite,  he  could  have  a  readier  and  better  acces  to 

]ute« 

the  regions  of  thunder,  than  by  any  spire  whatever.  PrepiN 
ing  therefore  a  large  silk  handkerchief,  and  two  cross  sti^ 
of  sufficient  length  on  which  to  extend  it,  he  took  the  iXffK* 
tunity  of  the  first  approaching  thunder  storm,  to  take  a  walk 
into  a  field  in  which  there  was  a  shade  convenient  for  his  pv- 
pose.  But  dreading  the  ridicule  which  too  commonly  atUnk 
unsuccessful  attempts  in  science,  he  communicated  his  it 
tended  experiment  to  nobody  but  his  son,  who  assbted  him  ■ 
raising  the  kite. 

The  kite  being  raised,  a  considerable  time  elapsed  beCMt 
there  was  any  appearance  of  its  being  electrified.  One  foy 
promising  cloud  had  passed  over  it  without  effect ;  whes  il 
length,  just  as  he  was  beginning  to  despair  of  his  contri?aoo^ 
the  rain  having  wetted  the  string  which  was  of  hemp,  mi 
rendered  it  a  better  conductor,  he  observed  some  loose  threaii 
on  it  to  stand  erect,  and  to  avoid  one  another,  just. as  if  iej 
had  been  suspended  on  a  common  conductor.  Struck  withtU 
promising  appearance,  he  immediately  presented  his  knudli 
to  the  key  which  was  tied  to  the  end  of  the  string,  and  tk 
discovery  was  complete.  He  perceived  a  very  evident  electric 
spark.  Others  succeeded  even  before  the  string  was  fiillT 
wet,  so  as  to  put  the  matter  past  all  dispute ;  and  when  the 
rain  had  wetted  the  string,  he  collected  sparks  very  copiooslT. 
This  happened  in  June,  1752 ;  about  a  month  after  the  Freock 
electricians  had  verified  the  theory,  but  before  any  infom^ 
tion  on  the  subject  had  reached  Dr  Franklin. 
t^rex^A*^  This  experiment  of  Franklin  was  attended  with  extreme 
ment.  danger.  Had  his  cord  been  more  moistened,  or  a  better 
conductor  than  it  was,  it  is  probable  that  this  celebrated  ma 
would  have  fallen  a  sacrifice  to  his  temerity,  and  we  woaU 
have  been  deprived  of  all  the  benefits  which  he  afterwardi 
conferred  upon  science,  upon  his  own  country,  and  upon  mtn- 
kind  in  general.  This  actually  happened  soon  afler  to  Pro- 
Death  of  fessor  Richmann  of  Petersburg,  who  was  struck  dead  b?  t 
Bicbmano.  flash  of  lightning  on  the  6th  of  August,  1753,  drawn  bvhif  I 
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npparattis  into  tils   own  room,  as  he  waa  attending  to  ao  c 
experiment  which  he  woa  making  with  it. 

He  had  provided  himself  with  an  instrument,  which  he 
called  an  electrical  gnomon,  the  use  of  which  was  to  measure 
the  strength  of  electricity.  It  consisted  of  a  rod  of  metal 
terminating  in  a  small  glass  vessel,  into  which  he  had  (for 
what  reason  does  not  appear,)  put  some  brass  filings.  At  Iho 
rnd  of  thi^  rod  a  thread  was  fastened,  which  hung  down  by 
the  side  of  the  rod  when  it  was  not  electrified,  but  when  it 
was  it  avoided  the  rod,  and  stood  at  a  distance  from  it,  mak- 
ing an  angle  at  (he  place  where  it  was  fastened.  To  measure 
Uiis  angle  ho  had  the  arch  of  a  quadrant  fastened  to  the  bot- 
tom of  the  iron  rod. 

He  was  observing  the  effect  of  the  electricity  of  the  clouds, 
«t  the  approach  of  a  thunder  storm  upon  his  gnomon,  and  of 
course  standing  with  his  head  inclined  towards  it,  accom- 
panied by  M.  Solokow  (an  engraver,  whom  he  frequently  took 
with  him  to  he  a  joint  observer  of  his  electrical  experiments, 
in  order  to  represent  them  the  better  in  his  tigures),  when 
this  gentleman,  who  was  standing  close  to  his  elbow,  observed 
a  globe  of  blue  fire,  as  he  called  it,  as  big  as  his  tiet,  jump 
from  the  rod  of  the  gnomon,  towards  the  head  of  the  Profes- 
sor, which,  at  that  instant,  was  about  a  foot  distant  from  the 
rod.  This  flash  killed  Mr  Richmann:  but  Mr  Solokow  could 
give  no  account  of  the  particular  manner  in  which  be  was 
immediately  alTccled  by  it.  For  at  the  same  time  that  the 
Professor  was  :itrnck,  there  arose  a  sort  of  steam  or  vapour, 
which  entirely  benumlied  him,  and  made  him  sink  down  upon 
the  ground;  so  Ihat  he  could  not  remember  even  to  bare 
heard  tlie  clop  of  thunder,  which  was  very  loud. 

The  globe  of  fire  was  attended  with  a  report  ae  load  oa 
that  of  a  pistol.  A  wire  which  brought  the  electricity  to  the 
utctal  rod  was  broken  to  pieces,  and  its  fragments  thrown 
u  pon  Mr  Solokow 'a  clothes.  Half  of  the  glass  vessel  in  which 
till'  rod  of  the  gnomon  stood,  was  broken  ofl",  and  the  filings 
f  metal  that  were  in  it  were  thrown  about  the  room.  The 
liiior-case  of  the  room  was  half  split  through,  the  door  torn 
ofl'  and  thrown  Into  the  room.     The  shoe  on  the  Profossor'a 
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Part  If.  left  foot  was  burst  open,  and  there  was  a  blue  mark  on  Ik 
foot  at  that  place.  From  which  it  was  condudedy -that  tiki 
electricity  had  entered  by  the  head,  where  there  were  erideil 
marks  of  injury,  and  made  its  way  out  again  by  the  left  foot* 
improre-  M.  de  Romas  made  the  experiment  with  the  kite  in  a  more 
the'kite.  perfect  manner  than  the  first  attempt  of  Dr  Franklin.  Hi 
twisted  a  fine  iron  wire  into  the  cord  of  the  kite.f  To  pn> 
vent  the  observer  from  being  exposed  to  danger,  the  km 
extremity  of  the  string  terminated  in  a  silk  cord  eight  mr 
feet  in  length,  by  means  of  which  the  kite  with  its  string  is 
insulated.  Instead  of  drawing  sparks  with  the  finger,  wkick 
makes  the  observer  himself  receive  the  charge,  he  rec 
them  by  means  of  a  metallic  conductor,  connected  with  fli 
ground  by  a  chain,  which  he  held  in  his  hand  by  means  dm 
insulating  glass  handle,  so  that  it  resembled  our  ccmunon  & 
charger.  Romas  describes  the  sparks  given  out  from  Aft 
string  to  this  discharger  during  a  thunder  storm,  in  a  letter  to 
the  Abb^  Nollet,  in  very  glowing  language.  ^^  Conoeivi^*^; 
says  he,  ^^  plates  of  flame  nine  or  ten  feet  lon^,  and  an  i 
thick,  which  made  as  much  noise  as  a  pistol.  In  less  than 
hour  I  had  certainly  thirty  plates  of  this  size,  without  reckfls* 
ing  a  thousand  others  of  seven  feet,  and  below  that.  M 
what  gave  me  the  greatest  satisfaction  in  this  new  spectaeH 
was,  that  the  greatest  of  these  plates  were  spontaneous,  oi 
that  notwithstanding  the  abundance  of  the  fire  which  tk^ 
contained,  they  fell  always  on  the  nearest  conductor.     TUl 

*  See  Phil.  Trans.  1754,  vol.  xlviii.  p.  765.  Vol.  xlix.  p.  61.  Prafa* 
sor  Ricbmann  was  born  in  Livonia,  on  the  11th  July,  1711,  his  hshs^ 
William  Richmann,  having  died  of  the  plague  before  the  birth  of  his  iOk 
He  was  educated  at  Revel,  Halle,  and  Jena,  and  devoted  himself  to  natk^ 
matics  and  physics.  He  went  to  Petersburg  as  tutor  to  the  children  i 
Count  Ostermann.  In  1735,  he  became  an  adjunct  of  the  Academy,  li 
1741,  he  was  made  extraordinary  Professor  of  Physics,  and  in  174&.S 
the  death  of  Kraffi,  he  became  ordinary  Professor  of  Physics.  Hhmi^ 
his  papers  are  valuable,  his  death  has  given  him  a  gpreater  degree  of  cdb» 
brity  than  he  would  otherwise  probably  have  attained.  See  Nori  Cc» 
ment.  Acad.  Petropol.  torn.  iv.  for  1752-3,  p.  36. 

f  Mr  Cuthbertson  employed  a  brass  wire  which  is  better,  and  H- 
Charles  used  a  cord  all  of  metal  thread?. 
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Bstancy  gave  me  so  miicl)  security,  that  I  vas  not  afi-aid  to  o 

e  sparks  by  meiins  of  tny  conductor,  even  when  the  thua- 

r  storm  was  at  its  height,  -although  the  glass  handle  of  that 

truraent  was  only  two  feet  in  length.     I  conducted  where 

nlcasod  without  feeling  in  my  hand  the  smallest  commotion, 

irks  of  fire  six  or  seven  feet  long,  with  the  aamc  facility  aa 

Mo  whose  length  did  not  exceed  seven  or  eight  inches." 

I  refer  those  readers,  who  may  wieh  to  employ  an  electrical 

B  for  Bimilar  [lurposes,  to  the  late  Mr  Cuthbertaon'a  Prac- 

)bI  EUctricity,  p.  237,  where  they  will  find  the  contrivances 

[neb  he  employed  to  secure  the  observer  against  all  risk  of 

It  may,  however,   be  proper  to  observe,  that   the 

■nter  should  never  hold  the  string  of  the  kit«  in  bis 

I,  even  though  the  lower  part  of  it  be  of  silk,  in  ease  rain 

cidental  cause  should  make  it  a  conductor.     The 

aendous  size  of  the  sparks  described  above  by  Romas, 

B  that  in  such  a  case  they  might  produce  fatal  eflects. 

deed,  it  is  easy  to  see  how  intense  the  electricity  may  !■ 

M)mc  at  the  end  of  the  cord,  even  when  the  thunder  clouds  n 

t  very  formidable  in  appearance.     Poisson  has  demon-  * 

I  that  in  tho  case  of  an  insulated  cylinder  of  small 

IDS  in  the  neighbourhood  of  a  charged  conductor,  the 

s  of  the  coating  of  electricity,  on  the  cylinder  is  in- 

Kly,  as  its  diameter  compared  to  the  osculating  sphere  of 

B  charged  conductor.     Let  r  =  diameter  of  llie  cord  of  the 

,  K  =  diameter  of  the  osculating  sphere  of  the  thunder 

nid,  I'j  =  thickness  of  the  coating  of  electricity  of  the  tliun- 

t  cloud,  c  that  of  the  string,  then  it  has  been  demunstrated 

I    -  -,  m  being  a  constant  coefficient,  which  cxpcri- 

|Dt  has  shown  to  be  very  nearly  — .     Bnt  the  thickness  of 

^  coating  at  the  extremity  of  the  cylinder,  being  to  that  at 
'  other  part,  as  2-3  to  I,  the  exprwsiuo   for  it  will  bo 
EK 


To  apply  this  expresdon  to  the  thickness  of  the  coating  of 
tpicity  at  the  end  of  the  kite  :<tring,  Id  ns  suppose  the 
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Part  II.  diameter  of  the  string  to  be  one  line,  while  the  radius  of  tlf 
osculating  circle  of  the  cloud  is  1000  feet.  Then  R  = 
144,000  lines,  and  r=  1.     The  expression  becomes 

20j     144.000  E^e2,100E. 
48  1 

Thus  it  appears  that  the  thickness  of  the  coating  of  eleebi- 
city  at  the  extremity  of  the  cord  of  the  kite,  is  no  less  Aa 
62,100  times  greater  than  upon  the  charged  cloud*  Now,  a 
the  pressure  on  the  air  is  equal  to  the  square  of  the  thlcknei^ 
it  will  be  almost  400  million  times  greater  at  the  end  of  Ai 
string,  than  on  the  surface  of  the  cloud.  We  need  not  bt 
surprised  then  that  such  terrible  sparks  issue  from  thecdl 
of  the  string,  even  when  the  thunder  cloud  is  not  v^  cob* 
siderable. 

Thus,  it  has  been  demonstrated  by  the  sagacity  of  Dr 
Franklin,  that  thunder  and  lightning  is  merely  a  case  of  elee* 
trical  discharges  from  one  portion  of  the  atmosphere  to » 
other,  or  from  one  cloud  to  another.  Air,  and  all  gases,  m 
non-conductors ;  but  vapour  and  clouds,  which  are  compdei 
of  it,  are  conductors.  Clouds  consist  of  small  hoUow  bladdcn 
of  vapour,  charged  each  with  the  same  kind  of  electricity,  k 
is  this  electric  charge  which  prevents  the  vesicles  from  unil- 
ing  together,  and  falling  down  in  the  form  of  rain.  Even  tk 
vesicular  form  which  the  vapour  assumes,  is  probably  owisf 
to  the  particles  being  charged  with  electricity.  The  matial 
repulsion  of  the  electric  particles  may  be  considered  as  sufr 
cient  (since  they  are  prevented  from  leaving  the  vesicle  by 
the  action  of  the  surrounding  air,  and  of  the  surrounding 
vesicles,)  to  give  the  vapour  the  vesicular  form. 
Formation  In  what  way  these  clouds  come  to  be  charged  with  electri- 
city, it  is  not  easy  to  say.  But  as  electricity  is  evolved  during 
the  act  of  evaporation,*  the  probability  is,  that  clouds  arc 

*  M.  Pouillet  has  published  a  set  of  experiments,  which  seem  to  OTcr» 
turn  Volta's  theory  of  the  evolution  of  electricity  by  evaporation.  H« 
has  shown  that  no  electricity  is  evolved  by  evaporation,  unless  wsmt 
chemical  combination  takes  place  at  the  same  time.  But  it  follons  fro* 
his  experiments  that  electricity  is  evolved  abundantly  during  combustioa* 
The  burning  body  giving  out  resinous,  and  the  oxygen  vitreous  electri- 
city.    In  like  manner,  the  carbonic  acid  emitted  by  vegetables  is  charcfd 
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Irays  charged  witb  electricity,  and  that  they  owe  their  exist-  Ch  xix. 

Be,  or  at  least  their  forni,  to  that  fluid.     It  is  very  probable 

ftt  whvii  two  curreDts  of  Ary  air  ore  moving  different  ways, 

B    friction    of    the   two    surfaces   may    evolve   electricity. 

Inuld  tlicse  currents  be  of  different  temperatures,  a  portion 

Ithu  vapour  which  they  always  contain  will  be  di^posited; 

k  electricity  evolved  will  bo  taken  up  by  that  vapour,  and 

P  cause  it  to  assume  the  venicular  state  constituting  a  cloud. 

■ns  we  can  see  in  (general  how  clouds  come  to  be  formed, 

■I  how  they  contain  electricity.     This  electrirJty  may  be 

fcer  vitreous  or  resinous  according  to  circumstances.     And 

b  conceivable,  that  by  lon|;-continued  opposite  currents  of 

K  the  charge  accumulated  in  a  cloud  may  bo  considerable. 

vw,  when  two  clouds  charged,  the  one  with  positive,  and 

p  other  with  negative,  electricity,  happen  to  approach  within 

lertain  distance,  the  thickness  of  the  coating  of  electricity 

preases  on  the  two  sides  of  the  clouds  which  are  nearest 

fell  other.     This  accumulation  of  thickness  i^oon  becomes  so 

■at  as  to  overcome  the  pressure  of  tlie  atmosphere,  and  a 

phirge  takes  place,  which  occasions  the  flash  of  lightning. 

be  noise  accompanying  the  discharge  constitutes  the  thun- 

r  clap,  the  long  continuance  of  which  partly  depends  upon 

b  reverberations  from  neighbouring  objects.     It  is  thercs 

te   loudest  and    largest,   and   most    tremendous,   in   billy 

in  tries. 

lA  thunder  storm  in  this  country  commonly  commences  in  n"»i!ripii« 

|t  following  manner : — A  low  dense  cloud  begins  to  form  in  <]»  an 

|wrt  of  the  atmosphere  that  was  previously  clear.     This 

hid  increases  fast,  but  only  from  its  upper  part,  and  spreads 

|d  an  arched  form,  appearing  like  a  large  heap  of  cotton 

iol.     Its  uiuler  surface  is  level,  as  if  it  rested  on  a  smooth 

be.     The  wind  is  hushed,  and  every  thing  Bpi>earg  preter- 

lurolly  culm  and  still. 

jMumbcrless  small   ragged   clouds,   like  teazled   flakes  of 

b  reilnoui  ulectrioilyi  ami  the  oxjrgun  (prubsbly)  charged  with  vitreaiM 
■irioitjr.  TheM  two  nourcef  are  lufficiently  abuniUni  to  account  for 
|*Ml  quiatily  or  elfietricitj  lo  nfteu  accumulated  in  \in!  t:\tntiia.  See 
b>  <[e  ChLni.  et  >\c  Phf>.  xxtv.  401. 
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Part  II.  cotton,  soon  begin  to  make  their  appearance,  moving  about ii 
various  directions,  and  perpetually  changing  their  irreg;dbr 
surface,  appearing  to  increase  by  gradual  accumulatioo.  k 
they  move  about  they  approach  each  other,  and  appear  li 
stretch  out  their  ragged  arms  towards  each  other.  ThejJi 
not  often  come  in  contact ;  but  after  approaching  very 
each  other,  they  evidently  recede  either  in  whole,  or  by  bent 
ing  away  their  ragged  arms. 

During  this  confused  motion,  the  whole  mass  of 
clouds  approaches  the  great  one  above  it ;  and  when  mttt '% 
the  clouds  of  the  lower  mass  frequently  coalesce  with  eHl 
other,  before  they  coalesce  with  the  upper  cloud.  But  as  6^ 
quently  the  upper  cloud  coalesces  without  them.  Its  low 
surface,  from  being  level  and  smooth,  now  becomes  ragg4 
and  its  tatters  stretch  down  towards  the  others,  and  long 
are  extended  towards  the  ground.  The  heavens  now  darfai- 
apace,  the  whole  mass  sinks  down ;  wind  rises  and  freqaoi^j 
shifts  in  squalls ;  small  clouds  move  swiftly  in  various  dini'^ 
tions ;  lightning  darts  from  cloud  to  cloud.  A  spark  is 
times  seen  coexistent  through  a  vast  horizontal  extent,  of  s 
zigzag  shape,  and  of  different  brilliancy  in  different  ptitfcJ 
Lightning  strikes  between  the  clouds  and  the  earth — f» 
quently  in  two  places  at  once.  A  very  heavy  rain  falls — lb 
cloud  is  dissipated,  or  it  rises  high  and  becomes  light  oi 
thin.* 

These  electrical  discbarges  obviously  dissipate  the  electri- 
city, the  cloud  condenses  into  water,  and  occasions  the  sui- 
den  and  heavy  rain  which  always  terminates  a  thunder  stora 
The  previous  motions  of  the  clouds,  which  act  like  elccti*' 
meters,  indicate  the  electrical  state  of  different  parts  of  4i 
atmosphere. 
^mrofThe  Thunder  then  only  takes  place  when  the  different  strata  rf 
phenomeua.  air  are  in  different  electrical  states.  The  clouds  interpotfl 
between  these  strata,  are  also  electrical,  and  owe  their  res* 
cular  nature  to  that  electricity.  They  are  also  conductoiii 
Hence  they  interpose  themselves  between  strata  in  differed 

*  Robison ;  Supplement  to  third  Edition  of  the  EncyclojmHita  Brin*' 
nica,  vol.  ii.  p.  f>81. 
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;s,  and  arrange  themselves  in  such  a  manner  as  to  occa- 
I  the  mutual  discharge  of  the  strata  in  opposite  state*, 
e  equilibrium  ia  restored,  the  clouds  deprived  of  their  elec- 
ity  collapse  into  rain,  and  the  thunder  terminates. 

thunder  storms,  the  discharges  usualiy  take  place  be- 

n  two  strata  of  air,  very  seldom  between  the  air  and  the 

But  that  they  are  aomctimcs  also  between  clouds  and 

rth,  cannot  be  doubted.     1  once  witnesBod  a  thunder 

n  from  the  aummit  of  Lochnagar,  a  very  high  granite 

intain  in  Aberdeenshire.     The  thunder  was  at  a  great 

I  east.     The  tirst  clap  was  nearly  due  east,  distant 

t  less  ttian  Ion  or  twelve  miles.    Tiie  si^ond  was  north-east, 

i  equally  far  otT,     Thick  block  clouds  intervened  between 

^  and  tlie  thunder,  so  that  I  saw  no  lightning.    After  watch- 

e  progress  of  the  storm  for  oliout  half  an  hour, 

nly  a  white  cloud  of  a  very  peculiar  appearance 

tched  itself  between   the  part  of  the  heavens 

e  the  thunder  was,  and  the  earth.     This  cloud 

jomposed  of  distinct  parallel  fibres  bent  as  in 

p  margin :  it  continued  about  half  an  hour,  during 

icfa,  it  conveyed  away  all  the  surplus  electricity 

D  the  clouds  to  the  earth.    For  no  more  thunder 

I  heard,  and   the  clouds  discharged  themselves 

I  heavy  Ghower  of  rain,  which  terminated  the 

mder  storm. 

0  electrical  discharges  sometimes  take  place  without 

f  noise.     In  that  case  the  flashes  are  very  bright,  but  they 

9  single  flashes  passing  visibly  from  one  cloud  to  another,  and 

ined  usually  to  a  Eingle  quarter  of  the  hearens.    When  they 

^  accompanied  by  the  noise,  which  we  call  thumier,  a  num- 

f  simultaneous  flashes,  of  different  colours,  and  constitut- 

interrupted  zigzag  line,  niuy  genendly  be  observed 

citing  to  an  extent  of  several  miles.     These  seem  to  be 

aioned  by  a  number  of  successive  or  almost  simultaneous 

pchargcs   from  one  cloud  to  another ;  these  intennodiate 

mds  serving  as  intermediate  conductors,  or  stepping-stones 

r  the  electrical  fluid.     It  la  these  simultaneous  discharges 

uich  occasions  the  rattling  noise,  which   we  call   thunder. 
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Nature  of 
the  thunder 
dap. 


Part  II.  Though  they  are  all  made  at  the  same  time,  yet  as  their  do- 
tances  are  different,  they  only  reach  our  ear  in  saccesaoi, 
and  thus  occasion  the  lengthened  rumbling*  noise  so  diffieraC 
from  the  snap,  which  accompanies  the  discharge  of  a  Lejda 
jar. 

If  the  electricity  were  confined  to  the  clouds,  a  single  & 
charge  (or  a  single  flash  of  lightning)  would  restore  the  eqa- 
librium.  The  cloud  would  collapse  and  discharge  itself  in  tub, 
and  the  serenity  of  the  heavens  would  be  restored.  Butthiis 
seldom  the  case.  I  have  witnessed  the  most  vivid  discharjtf 
of  lightning  from  one  cloud  to  another,  which  enlightened  Ae 
whole  horizon,  continue  for  several  hours,  and  amountiiigli 
a  very  considerable  number,  not  fewer  certainly  than  fifty,  oi 
terminating  at  last  in  a  violent  thunder  storm.  We  see  Ai 
these  discharges,  though  the  quantity  of  electricity  must  Ime 
been  immense,  did  not  restore  the  equilibrium.  It  is  ohnm 
from  this,  that  not  only  the  clouds  but  the  strata  of  air  thefr 
selves,  must  have  been  strongly  charged  with  electricity.  Hi' 
clouds  being  conductors  served  the  purpose  of  discliii]gi(: 
the  electricity  with  which  they  were  loaded,  when  they  cia 
within  the  striking  distance.  But  the  electric  stratum  of  or 
with  which  the  cloud  was  in  contact,  being  a  non-condactoCi 
would  not  lose  its  electricity  by  the  discharge  of  the  clooi 
It  would  immediately  supply  the  cloud  with  which  it  wi2  n 
contact  with  a  new  charge.  And  this  repeated  charging  mi 
discharging  process  would  continue  to  go  on  till  the  differed 
strata  of  excited  air  were  brought  to  their  natural  state. 
Electrical  From  the  atmospherical  electric  journal  kept  by  Mr  Reii 
atmosphere  at  Knight sbridge,  during  two  whole  years  from  the  9tb  of  Mat, 
1789,  to  the  9th  of  May,  1791,  it  appears  that  clouds,  aol 
rain,  and  hail,  and  snow,  are  always  charged  with  electricitj; 
sometimes  with  negative,  but  more  frequently  with  positiit 
electricity.  WTien  the  sky  is  serene  and  cloudless,  the  stnti 
of  air  are  generally  charged  with  positive  electricity.  In  sock 
cases  the  thunder  rod  is  charged  by  induction ;  the  hitrhei 
end  acquiring  the  opposite  state  of  electricity  from  the  lir, 
and  the  lowest  end-  the  same  kind  of  electricity,  while  a  po^ 
tion  of  the  rod  towards  the  middle  is  neutral.     Durimr  tbe 
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i  y«ir,  there  occurred  only  seven  Jjiys  in  which  no  electri-  c 
could  be  perceived.     But  during  the  second  year,  when 
apparatus   was  much  more  complete,  not  a  single  day 
rrcd  which  did  not  give  indicatioiu  of  electricity  in  the 
ire. 

5  the  first  year,  the  electricity  was  positive  24 1  times, 

I  during  the  second,  4123  times.    This  difference  was  chiefly 

ing  to  the  apparatus.    During  the  first  year,  tliere  occurred 

[y-lhree  days  in  whicli  the  signs  of  electricity  were  bo 

I  that  tlie   bind  could   not  be   delermiucd;    and  there 

e  seven  days  in  which  no  signs  of  electricity  at  all  were 

:eptible.     Hut  during  the  second  year,  the  apparatus  was 

li  more  perfect,  that  no  day  occurred  without  signs  of 

ity;  and  it  was  ascertained,  that  on  those  days  in  which 

i  oloctricity  is  weak,  it  is  always  positive.     During  the  first 

,  the  electricity  was  observed  negative  156  times,  and 

ing  the  second  year,  157  times.     During  tlie  first  year, 

s  could  be  drawn  from  the  apparatus  during  ninety-eight 

I,  and  in  the  second  year,  during  106  days.     From  these 

I,  the  probability  is,  that  the  electrical  state  of  the  atmo- 

jbero  did  not  difii-r  much  in  each  of  the  two  years,  during 

hicb  the  observations  were  kept. 

6  observations  of  Read  have  been  prosecuted  In  Italy 

L  Germany,  where,  during  the  summer  season,  the  air  is 

lerally  much  drier  than  in  Great  Britain,  and  therefore, 

r  fitted  for  electrical  observations.     I'ho  general  result 

B  follows : — 

I  fine  weather,  the  atmosphere  always  contains  an 

I  of  positive  electricity.     This  excess  is  very  small  a 

c  sunrise.     It  augments  as  the  sun  rises,  at  first 

slowly,  and  afterwards  more  rapidly,  and  reaches   its 

iximum  some  hours  afVer  sunrise.     It  then  begins  to  dlmln- 

t  first  rapidly,  then  slowly,  and  reaches  its  minimuin  a 

f  hours  before  sunset.    It  begins  to  augment  as  soon  as  the 

I  begins  to  approach  the  horiicon,  and  a  few  hours  ai^cr, 

tches  a  second  maximum ;  then  it  diralntshea  till  toward  the 

log  of  tlie  sun,  when  tlic  sauie  alternations  are  repeated. 

iSchublcr,  by  his  experiments  and  observations,  has  given 
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Part  IT.  greater  precision  to  these  general  statements.*  His  o] 
ments  are  too  numerous,  and  occupy  too  much  room  to  pc 
us  to  insert  them  all  here.  Very  copious  extracts  from  1 
have  been  copied  by  Becquerel  into  the  fourth  yolume  ei 
Electricity  (p.  85).  The  following  table  exhibits  the  ren 
hourly  obseryations  made  on  the  intensity  of  the  electrics 
the  atmosphere,  at  Stuttgard,  on  the  12th  of  May,  1811. 


Hour. 

Eloctrometer. 

Saus8ure*f 
Hygrometer. 

Thermometer 
Centigrade 

Wmhcr. 

MomiD| 

r- 

4  o'Cloc 

ik,      +  5 

88» 

9*^-3 

5      .     , 

.        +  6i 

88 

9-5 

Quite  serene. 

6      .     . 

+   8 

87 

10-5 

horizon  became  g 

7     .    . 

+  11 

86 

12-1 

ually  foggy.  Dew 

8      •    , 

+  13 

84 

13-5 

9      .    . 

+  10 

76 

15-6 

10      .    . 

+  8 

70 

17 

The     horixon 

Noon, 

+  7 

63 

201 

came    clear,  and 

2  F.M.    , 

+  6i 

61 

21-6 

sky  assumed  ap 

4      .     . 

+  5\ 

60 

21-3 

blue  colour. 

5      .     . 

+  6 

62 

2(h9 

6      .    . 

+  6 

65 

20-0 

V{^)ours  again  a 

7i    .    . 

+   8 

72 

17-5 

their  appearance. 

Si    .     . 

+  12 

83 

15-5 

Evening,  dewf«l 

9i    .     . 

+   8 

86 

13 

lOi    .     . 

+   7 

88 

12-1 

Quite  serene. 

Midnight 

,       +  6i 

88 

11 

2  A.M.    . 

+  5i 

88 

10-1 

From  these  observations  we  see,  that  at  Stuttcard,  oa 
I2th  of  May,  1811,  the  positive  electricity  of  the  atmoqpl 
was  at  a  maximum  at  eight  in  the  morning.  It  became  { 
dually  feebler  and  feebler,  and  was  at  its  minimum  at  five,  l 
From  that  time  it  became  stronger,  and  reached  a  seo 
maximum  at  half-past  eight,  p.m.  From  this  time  it  m 
again,  and  reached  a  second  minimum  about  two  in  the 


ing,  when  Schubler  discontinued  his  observations.  R 
other  observations  of  Schubler,  which  we  cannot  find  rooB 
here,  it  appears  that  the  maxima  and  minima  show  occasiooi 
some  little  differences  in  the  time  when  they  occur.     1% 

♦  Schweigger's  Jour.  iii.  123,  268. 
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BVxarnpIc,  in  the  beginning  of  June,  ISl  I,  the  maxima  tooV  Ch,  XIX. 
BO  moat  frequently  about  seTen,  a.m.,  and  nine  or  half- 
i|  nine,  P.M.;  while,  towards  the  end  of  that  month,  they 
■Drred  at  six,  a.m.,  and  ten,  p.m.  In  the  first  half  of  July, 
■■electrical  periods  were  not  very  distinct,  owing  to  the 
mt  of  the  atroos|(liere.  In  the  last  lialf  of  that  month,  the 
■  inaximB  occurred  at  seven,  a.m.,  and  nine  or  ton,  p.m. 
Kording  to  Scliublcr,  the  electric  periods  were  moet  distinct 
■hose  i&\i  vhich  were  dry  and  hot,  and  on  which  luminous 
^e,  analogous  to  the  aurora  borealis  were  perceptible  in  the 

B)uring  the  first  ten  days  of  August,  the  weather  was  so 
Wf  that  observations  could  not  be  made.     During  the  laat 
^4hirds  of  the  month,  the  weather  was  clearer,  the  maxima 
■•  at  eight,  A.M.,  and  half-past  eight,  p.m. 
fti  September,  the  maxima  corresponded  usually  to  half- 
It  ei^bt,  A.M.,  and  half-past  seven  or  eight,  p.m. 
In  October  the  maxima  occurred  at  seven,  a.m.,  and  seven, 
ft.,  and  the  minima  at  two,  p.m.,  and  ten,  p.m. 
Bn  November,  the  maxima  were  at  nine,  a.m.,  and  half-past 
K  P.M.,  and  the  minima  at  lialf  past-seven,  a.m.,  and  half- 
■t  ten,  P.M. 

Bchublcr's  obsorvations  confirmed  an  opinion  that  had  been 
k  entortaiiicd.  namely,  that  the  force  of  electricity  for  the 
m  maxima  and  two  minima,  goes  on  increasing  from  the 
fcth  of  July  to  the  month  of  January,  inclusive.  So  that 
m  greatest  intensity  happens  in  winter,  and  (he  weakest  in 
■nner :  hence  we  find  that  in  serene  days  of  winter  the  aug- 
btation  of  the  electricity  is  always  proportional  to  the  in- 
■Kse  of  the  cold.  From  the  mean  of  the  tnontlis  it  appears 
pt  the  first  minimum  and  the  first  maximum  have  less  intcn- 
m  than  the  second  minimum  and  second  maximum. 
B(.  Arago  haa  made  a  careful  set  of  observationa  on  the  In  PuH. 
letricity  of  the  atmosphere,  at  the  Paris  observatory.  Ho 
m  confirmed  the  occurrence  of  two  maxima  and  two  minima, 
Bry  twenty-four  hours.* 

9  Sm  a  iM  or  b*i  nlifcrvntitina  intencd  by  Becquorel  ia  hi*  TniH     ^^^ 
Bic/neitf.  IT.  ^^^1 
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Part  II.  From  the  obscrrations  of  Schubler,  it  appears  that  vbci 
the  sky  is  cloudy,  the  electricity  of  the  atmosphere  is  itiU 
positive,  and  that  its  intensity  is  greater  in  vinter  tbaa  ii 
summer  ;  that  during  storms,  or  when  it  rains  or  snovs^  the 
electricity. is  sometimes  positive  and  sometimes  ncgmtiTe* 
that  its  intensity  is  much  more  considerable  than  during 
weather.  Observations  were  made  upon  140  rainy  or  soovj 
days ;  during  seventy-one  of  these  days,  the  electricitj  of  the 
atmosphere  was  po^tive,  and  during  sixty-nine  days  it  vai 
negative. 

Arago  observed,  that  during  the  first  seven  months  of  163& 
there  were  twenty-five  rainy  days,  eleven  of  these  days  shoved 
no  signs  of  electricity  in  the  atmos])here ;  during  six  of  thcak 
the  electricity  was  positive,  and  during  eight,  it  was  negative 
The  electricity  of  the  atmosphere  sometimes  changes  in 
state  several  times  in  the  same  day.  Thus  Arago  remarkffdL 
that  on  the  19th  of  April,  1830,  which  was  a  rainy  day,  tk 
electricity  was  five  times  negative  and  three  times  positive ;  sal 
that  on  the  1 1th  of  May,  the  negative  electricity  continurd  far 
some  time  after  the  cessation  of  the  rain.  Volta  observed  at 
fewer  than  fourteen  changes  of  state  in  the  electricity  of  tk 
atmosphere  during  a  storm.  Similar  obs^ervations  were  m^ie 
by  Saussure. 

Saussurc   observed  farther,  that  in  summer  when  ««'reDf 

weather  follows  several  rainy  days,  and  while  the  earth  u  idii 

covered  with  humidity,  the  diurnal   ]H>riod  of  the  electricil 

intensity  of  the  atmosphere  resembles  that  of  winter.     Tbu 

points  out  the  cause  why  the  intensity  of  the  electricity  of  thr 

atmosphere  is  greater  in  winter  than  in  summer. 

FWtrirai         l*he  priHTcdin*^  observations  apply  to  the  results  obtaiofC 

*'^  illtt'o.'  ^"  ol)servatories  and  buildings,  and  not  to  the  open  couotrj 

^^T'  and  to  mountainous  districts,  where  lo<*aI  causes  lia%e  a  crraf 

influonce  on  the  excess  of  free  elect ricitv  found  in  the  atsK*. 

sphere.     From  th<»  observations  of  Saussure,  it  ap[i«*ar»  xhx 

the  electricity  of  niouiitaiuiius  and  isolatiHl  places^  hx%   men 

intensity  ;   that  it  is  slij:ht,  if  anv,  in  house?,  under  tret»#*  A=^i 

in  streets.      It   is  sen^il>le   in   wide  streets  and   $4|uan^  xa-: 

imrtienlarly   in    bridjres.      About    (Jeneva,    it   ap{MMr*«   fr:-a 
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Saussure's  observations,  that  the  intensity  of  the  electricity  of  Cb.  XIX. 
the  atmosphere  is  greatest  during  fogs  which  do  not  resolve 
themselves  into  rain,  nor  rise  to  a  great  height  above  the  sur- 
face of  the  earth. 

Since  the  atmosphere  usually  contains  a  notable  quantity  Chemical 
of  free  electricity,  there  can  be  no  doubt  that  electrical  cur-  tions  may 
rents  may  be  readily  induced  in  it,  and  that  the  numerous  fhe**atmo- 
chemical  decompositions  which  have  been  already  described  as  ■?**•"• 
produced  by  its  powerful  agencies,  may  frequently  take  place. 
This  has  been  shown  by  an  experiment  of  Mr  Alexander 
Barry,  so  interesting  that  it  deserves  to  be  described.*  In 
August,  1824,  he  elevated  an  electric  kite  in  an  atmosphere 
farourable  to  the  exhibition  of  electrical  phenomena.  It  was 
raised  from  an  apparatus  firmly  fixed  in  the  earth,  and  was 
insulated  by  a  glass  pillar.  The  usual  shocks  were  felt  on 
touching  the  string.  The  portion  of  string  let  out,  with  a 
double  gilt  thread  passed  through  it,  was  about  500  yards. 
Mr  Barry  took  two  glass  tubes,  shut  at  the  upper  extremity, 
but  having  a  platinum  wire  passing  through  the  shut  end,  and 
reaching  as  far  as  the  middle  of  the  tube.  The  tubes,  were 
filled  with  'a  solution  of  sulphate  of  soda,  tinged  blue  by  syrup 
of  violets,  and  placed  inverted  in  two  small  glass  cups  filled 
with  the  same  solution.  These  two  cups  were  united  by 
means  of  a  bent  glass  tube,  filled  with  the  same  solution,  and 
^pping  into  each  cup.  We  shall  call  the  two  inverted  glass 
tubes  A  and  B.  The  platinum  wire  in  A  was  connected  with 
the  string  of  the  kite  by  a  piece  of  gilt  thread,  while  the  wire 
in  B,  by  a  similar  thread,  was  connected  with  the  earth.  It 
b  clear  that  in  this  case  the  direction  of  the  current  was  from 
A  to  B ;  so  that  the  wire  in  A  was  positive,  and  the  wire  in 
B  negative.  Soda  was  speedily  accumulated  round  the  pole 
A,  as  became  evident  by  the  green  colour  which  the  syrup  of 
violets  in  the  tube  assumed.  Sulphuric  acid  was  evolved  round 
the  wire  of  B,  and  the  consequence  was,  that  the  liquid  in  the 
tube  B  became  red. 

•  Phil.  Trans.  I83I,  p.  105. 
2(> 
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Pbrtll. 

CHAPTER   XX, 

OP    ANIMAL    ELECTRIC  IT  V. 


Thbrb  are  four  species  of  fish  that  possess  a  curious  elect 
cal  apparatus,  which  enables  them  to  give  shocks,  and 
benumb  and  seize  their  prey.  These  are  the  raia  iarpH 
gffnmobu  dectricuSf  idrodom  eketrieui^  and  sibarus  eledtia 
The  torpedo  is  a  natire  of  the  European  seas,  but  seems 
thrire  best  in  the  Mediterranean.  Its  power  of  benambii 
the  hands  of  those  persons  who  touched  it,  was  known  to  t 
ancients ;  and  the  name  torpedo^  giyen  it  by  the  Romans.  « 
deriyed  from  that  property,  though  the  science  of  electrid 
had  made  too  little  progress  to  enable  them  to  assign  this  < 
traordioary  power  to  the  right  cause. 

Torpedo.  i.  The  raia  torpedo  belongs  to  the  order  of  cartilafrino 
fishes.  The  body  is  of  a  somewhat  circular  form,  slifritf 
convex  above;  about  18  inches  or  2  feet  in  Ien^h«  and  f 
the  most  part,  of  a  pale-reddish  brown  on  the  upper  n^urbc 
sometimes  marked  by  five  large  and  dus^ky  sfKitjii,  and  vluu 
or  fleHh-coloured  beneath.! 

IlUtorj.  The  first  attempt  to  give  an  anatomical  desiTiption  of  ti 

structure  of  the  torpedo,  wai$  made  by  Stcphano  Lonrniu 
in  I678.t  The  benumhiu^  faculty,  acrording  to  him,  U  9«sti 
in  the  two  semi-circular  or  falcated  muscles  on  each  «> 
of  the  thorax,  which  consist  of  fibres,  irreirulAr,  but  a»  Ur 
as  a  goot^e  ({uill,  and  made  up  of  bladders  fiUctl  with  a  ki: 
of  water.  One  end  of  these  fibres  is  fix(*d  to  the  skin  of  t 
belly,  and  the  other  end  to  that  of  the  back.  When  the  t 
contracts  those  fibre!««  there  issue  out  corpuscles  fitted  to  \ 
pores  of  a  man's  skin,  so  as  to  enter  into  immediate  cticta 

*  Plinii  Natur.  liiftt.  lib.  xixii.  o.  1. 

t  StH?  a  fij;iirc  of  the  tor|MMifi  |>y  Mr  Wal:»h,  iu  Phil.  TntB«    ITT-^ 

t  Philot.  Collect,  i.  p.  42. 
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and  disturb  the  posture  of  the  parts,  and  to  cause  pain  as  when  Cb.  xx. 
one's  elbow  is  hit  or  knocked.     This  mechanical  explanation 
of  Lorenzini  was  afterwards  advanced  by  Reaumur. 

Mr  Walsh,  in  a  set  of  experiments  made  upon  torpedos  at 
Rochelle,  in  1772,  first  proved  that  the  shocks  given  by  the 
torpedo  were  electrical  discharges.  They  passed  through  all 
conductors,  and  were  intercepted  by  all  non-conductors.*  Mr 
Walsh  furnished  Mr  John  Hunter  with  different  torpedos,  that 
he  might  be  able  to  investigate  the  structure  of  the  electrical 
organs  of  these  animals.  This  he  did  in  a  paper  published  in 
the  same  volume  of  the  Philosophical  Transactions  (p.  481). 
The  electric  organs  of  the  torpedo  are  placed  on  each  side  of  ^*»  dectric 
the  cranium  and  gills,  reaching  from  thence  to  the  semi-cir- 
cular cartilages  of  each  great  fin,  and  extending  longitudinally 
from  the  anterior  extremity  of  the  animal,  to  the  transverse 
cartilage  which  divides  the  thorax  from  the  abdomen.  Each 
organ  is  attached  to  the  surrounding  parts  by  a  close  cellular 
membrane,  and  also  by  short  and  strong  tendinous  fibres, 
which  pass  directly  across  from  its  outer  edge  to  the  semi- 
circular cartilages.  Each  electrical  organ  is  about  5  inches 
in  length,  and  at  the  anterior  end,  3  inches  in  breadth,  though 
it  is  but  little  more  than  half  as  broad  at  the  posterior  ex- 
tremity. Each  consists  wholly  of  perpendicular  columns, 
reaching  from  the  upper  to  the  under  surface  of  the  body, 
where  they  are  placed.  The  longest  column  being  about  an 
inch  and  a  half,  the  shortest  about  ^  of  an  inch  in  length,  and 
their  diameters  about  }  of  an  inch. 

The  figures  of  the  columns  are  very  irregular,  varying  ac- 
cording to  situation,  and  other  circumstances.  The  greater 
number  of  them  are  either  irregular  hexagons  or  pentagons ; 
some,  however,  are  pretty  regular  quadrangulars.  Those  of 
the  exterior  row  are  either  quadrangular  or  hexagonal,  having 
one  side  external,  two  lateral,  and  either  one  or  two  internal. 
In  the  second  row  they  are  mostly  pentagons.  Their  coats  are 
very  thin,  and  seem  transparent,  closely  connected  with  each 
other,  having  a  kind  of  loose  net-work  of  tendinous  fibres 

*  Phil.  Trans.  1773,  p.  4«I. 
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Pkri  II.  pas^ng  transTerscly  and  obliquely  between  the  columns,  tad 
uniting  them  more  firmly  together.  These  arc  moBtly  ob» 
servablc  where  the  large  trunks  of  the  nerves  pass :  the  rolamif 
are  also  attached  by  strong  inelastic  fibres  passing  dimik 
from  the  one  to  the  other. 

The  number  of  these  columns  raries  with  the  sixe  of  the 
torpedo.  In  one  of  the  organs  of  a  very  large  torpedo,  Mr 
Hunter  reckoned  1 182  columns ;  in  those  of  an  onlinanr  fin; 
they  amount  to  about  470.  They  increase  not  only  in  nnv 
but  in  number,  during  the  growth  of  the  animal*  new  onei 
forming  perhaps  every  year  on  the  exterior  edge,  as  there  thry 
are  much  the  smallest.  Each  column  is  divided  bv  horixootai 
partitions  placed  over  each  other,  at  very  small  distances  aai 
forming  numerous  interstices,  which  appear  to  contain  a  imL 
These  partitions  consist  of  a  very  thin  membrane,  con»ider- 
ably  transparent.  Their  edges  appear  to  l)e  attacheil  to  oor 
another,  and  the  whole  is  attached  by  a  fine  cellular  membnae 
to  the  inside  of  the  columns. 

The  number  of  ])artitions  contained  in  a  column  of  one  incb 
in  length,  was  found  to  amount  to  150.  The  partitions  irr 
very  vascular;  the  arteries  are  branrhrs  from  the  vein*  «f:h' 
gills,  which  convey  the  bloml  that  has  roceivtMl  the  inrtu^i^-^ 
of  respiration.  They  yasA  alouir  with  the  nerves  to  tl:o  ek- 
tric  oriran,  and  enter  with  thoin :  thev  then  ramlf\  in  cv«t% 
direction.  The  nerves  inserted  into  each  elivtric  or^'an  ar.*' 
by  three  very  larije  trunks  from  the  lateral  and  |»o#ti*ri«T  part 

of  the  brain.     1  lavinir  entered  the  orir^ns,  thev  raniifv  ir.  c%m 

•  •  • 

dire<*tion  betwetMi  the  cohnniis,  and  send  in  >niall  bran*}***  ;3 
each  partition,  where  they  are  lost.  The  ni.iiinltuie  »=•! 
number  of  these  nerves  is  verv  i:reat  indeed. 

Such  is  tlie  anatomical  >tructure  of  the  electric  onj^n* -^ 
the  torpedo,  as  th*terniined  by  Mr  Hunter.  Somr  a::.iti  t:.  .-i! 
observations  nn  these  «»ri:ans  Here  afterwards  niaiie  '•»  M. 

m 

(fi'otTroy  Saint-Hlhiire.*  AccordiuL'  to  hini.  the\  ci^:>  •!  of 
a  jzreat  number  of  aponeumtic  tube-  tilled  with  a  !.ub*!ACCf 
of  a  peculiar  luiture.      Voha,  in  a  long  paper  on  eahac:^' 

•  J.Mir.  .!«■  IMi\».  hi.  •ill. 
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electricity,  which  he  published  in  1800,*  endeavoured  to  dhow,   Ch.  XX. 
that  these  electric  organs  were  similar  in  principle  to  the 
Voltaic  pile. 

With  respect  to  the  chemical  nature  of  the  electrical  organs  '^*^\  , 
of  the  torpedo,  several  interesting  particulars  have  been  ascer-  nature, 
tained  by  Dr  John  Davy.f  The  specific  gravity,  including 
the  upper  and  under  boundary  skin,  he  found  1*026,  while 
the  specific  gravity  of  a  portion  of  the  abdominal  muscles  of 
the  same  full-grown  fish,  was  1*058,  and  that  of  the  thick 
strong  muscles  of  the  back,  close  to  the  spine,  1  *065.  The 
weight  of  the  electrical  organs  in  a  torpedo,  eight  inches  long 
and  five  inches  across  the  widest  part  of  the  body,  was  302 
grains ;  the  weight  of  the  whole  fish  was  2065  grains.  But 
when  the  electrical  organs  were  dried  by  the  heat  of  a  steam 
bath,  the  weight  was  reduced  to  22  grains.  Supposing  the 
matter  dissipated  to  have  been  water,  the  electrical  organs  of 
the  torpedo  are  composed  of 

Solid  matter      .         .     22  or    7*28 
Water       .         .         .280  or  92-72 


302      100-00 

It  would  appear  from  this,  that  the  greater  part  by  far  of 
the  electric  organs  is  water,  doubtless  holding  in  solution 
various  substances  to  which  the  conducting  power  of  the  organs 
is  to  be  ascribed. 

When  the  electric  organs  are  cut  into  small  pieces,  and 
placed  in  a  funnel,  a  liquid  makes  its  escape  slightly  turbid, 
of  a  very  light  fawn  colour,  and  just  perceptibly  acrid.  This 
liquid  did  not  change  the  colour  of  turmeric  or  litmus  paper. 
A  cloudiness  was  occasioned  by  dropping  into  it  a  solution  of 
nitrate  of  silver,  which  was  not  completely  re-dissolved  by 
ammonia.  It  was  copiously  precipitated  by  acetate  of  lead, 
and  a  cloudiness  was  produced  by  dropping  into  it  nitrate  of 
barytes  and  corrosive  sublimate.  By  evaporation,  it  afforded 
a  residue  which  deliquesced  partially  on  exposure  to  a  moist 
atmosphere,  and  had  an  acrid  and  bitter  saline  taste. 

♦  Ann.  do  Chim.  xl.  255.  f  I'^i*-  Traiw.  1832,  p.  259. 
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Ptft  II.  When  the  electric  organs  of  the  torpedo  are  immerted  m 
boiling  water,  they  suddenly  contract  in  all  their  dimensioHk 
and  the  columns  became  circular.  Wlien  the  fi^h  wbm  newk 
caught,  the  tendinous  fibres  of  these  pillars,  after  a  few  tecoodi' 
immersion  in  boiling  water,  were  converted  into  jelly,  and  tk 
columns  falling  asunder  assumed  the  appearance  and 
sistencc  of  a  translucent  very  soft  mucilage.  From 
properties  ascertained  by  Dr  Davy,  and  from  their  not 
tracting  by  Voltaic  electricity,  it  is  obvious  that  the  electric 
organs  of  the  torpedo  are  not  muscular ;  their  walls  seen  Id 
consist  of  membranes  of  a  cartilaginous  nature,  filled  with  s 
liquid  containing  in  solution  animal  and  saline  sufaataDco^ 
doubtless  differing  in  its  nature  in  the  different  cells  iato 
which  the  pillars  are  divided,  so  as  to  constitute  a  Vohar 
battery,  in  which  liquids  are  substituted  for  metallic  plate*. 

Dr  Davy  confirmed  the  experiments  of  Mr  \Val5h,  wb 
pointed  out  the  analogy  between  the  electric  organs  of  the  tor- 
pedo and  a  charged  Leyden  phial.  The  quantity  of  electri- 
city appears  to  be  great,  but  its  intensity  low  :  hence^  it  sitei 
shocks,  but  the  current  is  stopped  by  very  feeble  ohftacki> 
Mr  Walsh  found  that  the  thinnest  post^ible  stratum  of  air  in- 
terposed effectually  stopped  the  current ;  but  I  )r  Davy,  vbaie 
te:$t  of  the  presence  of  an  electric  current  was  more  delicate, 
found  that  it  could  traverse,  thouirh  not  very  well,  a  thin  car* 
rent  of  air.  The  electricity  of  the  torpedo  gives  no  light  dot 
ttpark ;  but  Dr  Davy  found  it  capable  of  communicating  buc- 
netisni  to  needles  and  small  bars  of  steel.  It  actinl  also  <« 
the  electro-multiplier  precisely  as  Voltaic  electricity  dow; 
and  Dr  Davy  {Succeeded  in  decomposing  water  by  meaoi  of 
the  electricity  of  the  torpedo,  and  thus  iiti^  shown  that  it  U 
identical  in  its  effects  with  Voltaic  electricitv. 

GfmnotiM  2.  Tlu'  uymfioius  ilectrims^  or  electric  eel,  l)elonirs  to  the 
order  of  upodal  tithes,  and  is  a  native  of  the  rivers  in  SooU 

Ilifttorj.  Ameriea,  and  Africa.  Its  electrical  proi>erties  were  Snt 
made  known  hv  M.  Richer,  who  wa.**  nent  bv  the  Ro%il 
Academv  of  Scient'es  of  Paris,  to  make  ;iStronomical  oWn*- 
tit»n>  in   ( 'avenne,  in  ir»72.*     "I    \ias   much   surprised,"  K- 

•  Mnii   lit  TAcail.  Kn\al  •l«*  Scit  ric«->.  %ii.  3'i^ 
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obsenred,  ^*  to  see  a  fish,  three  or  four  feet  long,  resembling  Ch.  xx. 
a  large  eel,  which,  on  being  touched,  not  only  with  the  finger, 
but  even  with  a  stick,  so  benumbs  the  arm  and  the  part  of 
the  body  nearest  the  fish,  that  the  individual  remains  for  half- 
a-qoarter  of  an  hour  without  being  able  to  move.  Indeed, 
such  a  giddiness  is  produced,  that  the  individual  would  fall 
down  if  he  did  not  prevent  this  by  putting  himself  in  a  hori- 
zontal position,"  M.  Richer  himself  tried  the  fish,  and  found 
the  effects  such  as  above  described.  He  informs  us,  that  he 
did  not  know  the  name  of  the  fish,  and  it  is  needless  to  say 
that  he  did  not  suspect  that  this  power  of  the  fish  was  owing 
to  the  discharge  of  electricity. 

But  Bancroft,  in  his  Enay  on  the  Natural  HiitoryqfGuianOj 
published  in  1769,  described  this  fish  under  the  name  of  tor- 
porific  eel  as  a  native  of  the  river  Essequibo,  and  showed  that 
the  torporific  effect  was  owing  to  an  electric  discharge,  simi- 
lar to  that  of  a  charged  Leyden  jar,  which  the  animal  could 
give  at  pleasure. 

In  1770,  Dr  Williamson,  of  Philadelphia,  made  a  set  of 
experiments  on  this  fish,  which  he  distinguished  by  the  name 
of  gymnotus  electricus,  and  showed,  as  Bancroft  had  already 
done,  that  its  benumbing  powers  were  the  consequence  of 
electric  discharges.*  A  still  more  particular  account  of  it 
was  given  at  the  same  time  by  Dr  Garden,  of  Charlestown.t 

As  soon  as  Mr  Walsh  had  shown  that  the  benumbing  pro- 
perty of  the  torpedo  was  owing  to  electricity,  the  conclusion 
was  irresistible  that  the  gymnotus  electricus  possessed  the 
same  electrical  powers.  He  procured  specimens  of  the  gym- 
notus, and  satisfied  himself  that  his  conclusions  were  correct. 
To  complete  our  knowledge  of  the  electrical  organs  of  this 
fish,  he  prevailed  upon  Mr  John  Hunter  to  dissect  the  animal, 
and  describe  the  electric  organs  which  it  possesses.^  They 
were  described  also  with  care  and  in  considerable^  detail  by 
Fahlberg,in  1801.§ 

The  electrical  organ  constitutes  more  than  one-third  of  the  ittdcctric 
whole  animal,  and  nearly  one-half  of  that  part  of  the  flesh  in  *"V*^ 

*  Phil.  Trans.  1775,  p.  94.  \  Ibid.  p.  102.  %  Ilnd.  p.  395. 

§  Kongl.  Vetcn.  Acad.  Nya  Handlingar,  1801,  p.  122. 
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Pun  I T.  which  it  is  placed.  There  are  two  pairs  of  these  organs*  ft 
larger  and  a  smaller,  one  being  placed  on  each  side*  The 
large  pair  occupy  the  whole  lower  or  anterior,  and  also  tk 
lateral  part  of  the  body,  making  the  thickness  of  the  fore  or 
the  lower  parts  of  the  animal,  and  run  from  the  abdomco  to 
near  the  end  of  the  tail,  or  almost  the  whole  length  of  tW 
animal.  These  two  organs  are  separated  from  one  ■nnthir 
at  the  upper  part,  by  the  muscles  of  the  back,  which  ketf 
their  upper  edges  at  a  considerable  distance  from  each 
and  towards  the  middle  they  are  separated  by  the  air  hag, 
at  their  lowest  parts  they  are  separated  by  the  middle  parti- 
tion. The  general  shape  of  the  organ,  on  an  external  or  sdi 
view,  is  broad  at  the  end  next  the  head  of  the  animal,  becoa 
ing  gradually  narrower  towards  the  tail,  and  en<ling  there  at 
most  in  a  point. 

The  structure  is  extremely  simple  and  reguUr,  coiuistia|f 
of  two  parts,  viz.,  flat  partitions  or  septa,  and  cross  tlivisioBi 
betweeu  them.  The  outer  e<lge3  of  these  septa  appear  cs* 
ternally  in  parallel  lines,  nearly  in  the  direction  of  the  loagi- 
tudinal  axis  of  the  body.  These  septa  are  thin  memhmei 
placed  nearly  parallel  to  ono  another.  Their  lengths  srr 
nearly  in  tiio  dirortion  of  the  lon<;itudiual  axis,  and  thctf 
breadth  is  iiearlv  the  seniUdiauieter  of  the  biidv  of  the  anifflsL 
They  are  of  tlifl'erent  lengths,  some  being  as  long  aa  the  mhok 
ur^aii.  They  are  in  general  broadest  near  the  anterior  cdJ. 
niiswering  to  the  thickest  part  of  the  or^ran,  and  l>ecomo  grada- 
allv  iiarrowiT  towards  the  tail.  Thev  have  an  outer  and  inBcr 
edire.  The  outer  is  attached  to  the  skin  of  the  aiiimaU  to  We 
lateral  muscles  of  the  fin,  and  to  the  membrane  which  tUridft 
the  irreat  ort;an  from  the  small ;  and  the  whole  of  the  inner 
e.l;;(*s  are  fixed  to  the  middle  partition,  to  the  air  bbdder«  aad 
three  or  four  terminate  on  that  surface  which  enclusct  tbr 
muscle?  of  the  hack. 

These  septa  on  the  side  next  the  muscles  f>f  the  hack«  arv 
h(»Uow  from  edj^e  to  edire,  answering  to  the  shape  of  tlH^te 
muscle*,  hut  become  less  and  less  so  towards  the  middle  of  ih^ 
or<^<in.  Tiie  distances  between  these  septa  ditfer  in  fi«hc»  «tf 
ilitftTcnt  ^izes.      In  a  fish  of  two  feet  four  inches  in  Icnjtb. 
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they  were  about  ^^th  of  an  inch  distant  from  one  another,  and  Ch.  xx. 
the  breadth  of  the  whole  organ  at  the  broadest  part,  about  an 
inch  and  a  quarter,  in  which  space  there  were  thirty-four 
septa.  The  small  organ  has  the  same  kind  of  septa,  in  length 
passing  from  end  to  end  of  the  organs,  and  in  breadth  passing 
quite  across;  they  run  somewhat  serpentine.  They  differ 
Tery  much  in  breadth  from  one  another,  the  broadest  being 
equal  to  one  side  of  the  triangle,  and  the  narrowest  scarcely 
broader  than  the  point  or  edge.  They  are  pretty  nearly  at 
equal  distances  from  one  another,  but  much  nearer  than  those 
of  the  large  organs,  being  only  about  j\yth  of  an  inch  asunder. 
But  they  are  at  a  greater  distance  from  one  another  towards 
the  tail,  in  proportion  to  the  increase  of  the  breadth  of  the 
organ.  The  organ  is  about  half  an  inch  in  breadth,  and  has 
fourteen  septa. 

These  septa  in  both  organs  are  very  tender  in  consistence, 
being  easily  torn.  They  appear  to  answer  the  same  purpose 
as  the  columns  in  the  torpedo,  and  are  to  be  considered  as 
making  so  many  distinct  organs.  These  septa  are  intersected 
transversely  by  very  thin  plates  or  membranes,  whose  breadth 
is  the  distance  between  any  two  septa,  and,  therefore,  of  dif- 
ferent breadths  in  different  parts — broadest  at  the  edge  which 
is  next  the  skin,  narrowest  at  that  next  to  the  centre  of  the 
body.  Their  lengths  are  equal  to  the  breadth  of  the  septa 
between  which  they  are  situated.  There  is  a  regular  series 
of  them  continued  from  one  end  of  any  two  septa  to  the  other ; 
they  appear  to  be  so  close  as  even  to  touch.  In  an  inch  in 
length,  there  are  about  240. 

The  nerves  supplying  these  organs  are  from  the  medulla 
spinalis.  They  are  large,  but  not  so  much  so  as  those  of  the 
torpedo.  These  fish  have  no  teeth;  but  strike  the  small 
fishes  on  which  they  live  into  a  state  of  torpor  by  an  electric 
shock,  and  then  swallow  them.  Humboldt,  in  his  View  of  the 
JEquaiorial  Regions^  informs  us  that  they  abound  in  the  rivers 
and  lakes  of  Venezuelas  and  Caraccas.  He  went  to  a  village 
in  the  neighbourhood  of  one  of  these  lakes.  The  Indians 
drove  about  thirty  mules  into  the  pond.  They  were  imme- 
diately attacked  by  the  gyranoti.     Two  were  drawn  under 
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Tetrodon 
electricDS. 


Part  II.   tbe  water  and  drowned;  the  rest,  driven  frantic,  mideerm 

^  effort  to   escape.     By  degrees  the  vigour   of  the  fish  la 

exhausted ;  their  shocks  became  less  frequent  and  less  virion 

and  the  mules  recovered  and  made  their  escape.     The  a* 

hausted  fish  were  then  easily  taken. 

A  gymnotus,  recently  brought  to  London  by  Mr  PcriBt 
was  purchased  by  the  proprietors  of  the  gaUery  in  AdehUi 
street.  Mr  Faraday  was  invited  to  make  experiments  oattt 
fish,  and  was  enabled  to  ascertain  the  identity  of  its  pom 
with  that  of  common  electricity.  It  gave  shocks,  affected  tb 
galvanometer,  converted  a  steel  needle  into  a  magnet,  deeoa- 
posed  iodide  of  potassium,  evolved  heat,  gave  a  sensible  q«i 
and  produced  all  the  ordinary  phenomena  of  electricity.  I 
killed  small  fish  by  passing  a  powerful  electrical  shock  thro^ 
them.* 

3.  The  tetrodon  eleciricus  was  first  observed  by  Lieuteoi^j 
William  Paterson,  in  the  island  of  Johanna,  one  of  the  CooMij 
islands,  lying  between  the  north-west  of   Madagascar 
Africa.f   It  is  seven  inches  long,  two  inches  and  a  half  braij 
and  has  a  long  projecting  mouth.     The  back  of  the  fish  vt^ 
dark  brown  colour,  the  belly  part  sea-green,  the  sides  yeUwi 
and  the  fins  and  tail  of  a  sandy  green.     The  body  is  iIIte^ 
spersed  with  red,  green,  and  white  spots ;  the  white  ones  ptf- 
ticularly  bright.     The  eyes  are  large,  the  iris  red,  its  ovts 
edge  tinged  with  yellow. 

These  fishes  were  found  in  the  hollows  of  coral  rocks  what 
the  temperature  of  the  sea  water  was  between  56 <>  and  60». 
When  Mr  Paterson  attempted  to  take  one  of  these  fish  inH 
his  hand,  it  gave  him  so  severe  an  electric  shock  that  be  vtf 
obliged  to  quit  his  hold.  The  electrical  powers  of  this  iA 
were  experienced  by  different  persons ;  but  I  am  not  aware  d 
any  attempts  hitherto  made  to  ascertain  the  structure  of  iH 
electrical  organ. 

4.  The  silurus  electrictts  is  found  in  some  rivers  in  AtnoL 
It  seems  to  have  been  first  noticed  by  M.  Adanson,  who  vd^ 
to  Senegal  in  1738,  and  continued  there  during  six  yeai* 


Silurus 
electricus. 


♦  Phil.  Trans.  1839. 


t  Ibid.  1786,  p.  382. 
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issiduonaly  occupied  in  investigating  the  natural  history  of  Ch.  XX. 
Jiat  country.  It  was  afiterwards  noticed  by  Forskal  in  his 
letached  papers,  which  were  published  by  Niebuhr  in  1775. 
[t  was  more  particularly  described  by  M.  Brussonet  under 
;he  name  of  Le  Trembleur,  in  the  Memoirs  of  the  French 
dcademy  for  1782.  It  is  about  twenty  inches  long,  very 
broad  in  the  fore  part,  depressed,  and  of  a  cinereous  colour, 
irith  some  blackish  spots  towards  the  tail.  When  touched  it 
a^yes  an  electrical  shock,  which  is  not  so  strong  as  those  given 
i)y  the  torpedo  and  gymnotus.  As  well  as  all  the  other  elec- 
trical fishes  it  is  used  as  food. 

It  was  dissected,  and  the  structure  of  its  electrical  organs  lu  organs, 
iescribed  by  M.  Geoffiroy  St  Hilaire,  Instead  of  being 
placed  on  each  side  of  the  head  as  in  the  torpedo,  or  in  the 
inferior  part  of  the  tail  as  in  the  gymnotus,  they  extend  round 
he  silurus.  They  consist  of  aponeurotic  and  tendinous  fibres 
tmited  so  as  to  form  a  net,  so  fine  that  the  meshes  of  it  can- 
aot  be  discovered  by  the  naked  eye.  The  cells  of  this  net 
ire  filled  by  a  mucous  matter.  The  electric  organ  is  covered 
iy  a  strong  aponeurosis,  which  prevents  it  from  communicat- 
ng  with  the  interior.* 

Although  the  electrical  organs  of  these  fishes  have  been  Not  identu 
^nsidered  as  analogous  to  a  Voltaic  battery;  yet  it  must  be  Voltaic ut- 
icknowledged  that  the  resemblance  has  not  been  fully  made  ^'' 
>ut.     They  act  only  while  the  animal  is  alive,  and  no  electric 
currents  can  be  observed  so  soon  as  death  has  taken  place. 
Galvani  cut  off  longitudinaUy  a  portion  of  the  body  of  a  tor- 
pedo with  one  of  the  electric  organs,  leaving  untouched  and 
in  its  natural  position  the  part  of  the  animal  containing  the 
other  electrical  organ,  together  with  the  head.     This  last 
portion  gave  shocks,  while  it  was  impossible  to  obtain  any 
from  the  other  portion.     The  same  observation  was  made  by 
Mr  Todd.    Galvani  found  also  that  whenever  the  head  of  the 
;orpedo  was  cut  off,  the  electric  organs  ceased  to  give  shocks. 
But  after  the  heart  was  removed,  the  organs  continued  to 
^ve  shocks  till  the  brain  was  removed,  when  all  electrical 

«  Phil.  Mag.  (first  scricsO  xv.  126. 
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Put  II.    effects  were  destroyed.    Galvani  remoTed  the  brain  with  ta 

precautions  as  not  to  disturb  the  circulation  of  the  blood,  i 

he  could  not  obtain  the  slif^htest  shock.     ETenr  lesion  of  i 

brain  proved  fatal  to  the  animal's  power  of  giving  shocks.  Fn 

these  facts  it  would  appear  that  the  electrical  powers  of  t 

organs  of  the  torpedo  are  connected  with  the  nervouji  eoers 

CoiiTui.  f  h^  original  discovery  of  Galvani,  which  led  to  the  naai 

miucira  of  ous  scrics  of  facts  that  has  thrown  so  much  light  upon  fleet 

'^'        city  aud  chemistry,  was,  that  the  hind  legs  of  a  frog  nri 

killed  were  thrown  into  convulsions  when  touche<l  by  a  scalp 

while  sparks  were  drawn  from  an  electrical   machine  ia  t 

neighbourhood.     I'his  experiment  was  repeated  and  Tin 

by  physiologists  in  every  part  of  the  civilized  world,  doabck 

from  the  new  light  which  it  was  expected  to  throw  uiH>a  1 

action  of  the  nerves  in  the  living  body.     The  laws  h\  vhi 

these  convulsions  are  regulated,  have  been  asccrtaineti  w 

considerable  accuracv;  but  it  can  hardiv  \h}  said  that  a 

additional  light  has  been  thrown  upon  the  animal  econoay, 

that  the  mysterious  action  of  the  nerves  is  bettor  undersUi 

than  it  was  before  the  discover}*  of  Galvani. 

How  pre-         The  hind  legs  of  the  frog  are  prepiirctl  for  t^xhibitin:;  tb< 

^^*         cunvuUiuns  by  removing  tlie  skin,  and  exp«»sini:  the  ro-.w^i 

of  the   leg  ami   the  crural  nerve.     Every  other  jvart  brt 

removed,  so  that  the  hind  leg!*  nro  joinetl  to  the  Uh1\  of  t 

animal  by  the  erural   nerves  alone.     If  a  pieee  of  g'v^^ 

placed  on  the  crural  nerve,  and  a  pit*ce  of  eopper  vr  riUort 

the  mnseles  of  the  leg,  the  instant  that  these  two  metaU^ 

broiiirht   into   contact    the   muscles   are  stron::lv  eoti^ulf^ 

The  convulsions  speedily  cease;  but  they  are  renew o*i  e»^ 

time  that  the  contact  is  broken  or  the  circle  complctiM. 

If  the  crural  nerve  be  laid  bare,  and  the  prepared  h*f ' 
the  fro«;  suspendi'd  by  a  strini:  tietl  to  the  extremitv  of  t! 
nerve,  if  we  take  hold  of  the  leg,  and  brin::  it  in  contort  ■»' 
the  nerve,  4*onvulsions  take  place.  From  this  it  a|»|»«'«r«  tK 
the  nerve  and  the  muscles  of  the  leir  are  in  t«»»  disfrrfl 
electrical  states.  .'Vnd  it  has  been  ascertaiiuHl  lh.it  tkt*  oen 
in  tl.i>  ca!<e  is  plus,  and  the  musi'le  minu>. 

It  i-^  m-ll  knn'.\n  that  muscle.^  have  the  pnipcrtj  M  x-otiir^' 
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t;whcn  irritated.  Their  controctibility  U  considered  by  Ch.  XX. 
luologists  aa  rcferrible  to  the  action  of  the  nerves.  When 
rve  \b  irritated,  it  does  not  rontract ;  hut  the  muscle  into 
1  it  enters,  and  tlirougfi  whieh  it  ramiiles,  contracts  much 
k  violently  than  when  the  irritation  is  applied  to  itself. 
Iliia  power  of  contrttcting  exists  only  while  thi*  parts  retain 
t  vital  ener(^ ;  hut  it  continues  some  time  hIUt  thL>  death 
e  animal,  and  longer  in  cold-bloodod  than  in  liot-blooded 

I  we  irritate  a  nerve  in  a  living  animal  with  a  sharp-pointed  Cnnn-rt^ 
niment,  the  corresponding  muscle  contracts.  If  we  con-  n>rraiu 
B  the  irritation  on  the  same  point,  the  contraction  of  tho 
^o  gradually  ceases;  hut  if  we  carry  the  irritation  to 
Sicr  port  of  the  nerve,  it  is  again  renewed.  When  the 
i  is  cut,  if  we  irritate  it  below  the  section,  the  animal 
eivos  no  sensation,  but  the  muscle  immediately  contracts. 
Pe  irritate  above  the  section,  tho  reverse  eflects  are  pro- 
— the  animal  has  the  sensation  of  pain,  hut  tJie  mus^lo 
I  not  contract. 

rben  a  nerve  is  tied,  all  the  muscles  supplied  by  it  loso 
msibility  anil  power  of  contracting. 
a  these  facts  it  is  evident  that  the  cause  which  makes 
nusclrs  euntrnct  is  transmitted  by  the  nerves.  Electricity 
lly  acts  liki^  any  other  irritating  cause. 
i  has  been  aflirmed,  that  nerves  arc  better  conducton  of 
tricity  than  any  other  animal  substances ;  but  this  has  not 
b  proved  by  satisfactory  experiments. 
Totwithstanding  the  numerous  ex[K-rimrat9  made  upon  the 
niluona  into  which  the  muscles  may  he  thrown  immediately 
\e  death,  it  cannot  be  smd  that  any  discovery  of  importance 
resulted  from  them.  The  only  important  fact  was  esta- 
ked  by  Dr  Wilson  I'hillp.  Ife  divided  the  ci{{lith  pair  of 
■es  in  a  rabbit,  and  removed  a  ])ortion  of  the  nerve.  The 
bach  immediately  lost  the  power  of  converting  the  food 
1  into  it  into  chyme.  But  when  a  current  of  electricity, 
hlcans  of  a  Voltaic  battery,  was  made  to  pass  through  the 
Mch,  the  power,  of  digestion  was  restored,  and  the  food 
irertcd   into  rhyme,  just  as  if  the  nerve  had  not  been 
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Pmil.    divided*     From  this  fact  it  follows  that  clectricit j  i«  capabk 


of  supplying  the  place  of  the  nenroiis  energy  in  the 
of  a  rabbit.     Should  electricity  be  found  to  supply  the 
tions  of  other  nenres  as  well  as  those  of  the  stomach,  it 
go  far  to  proTe  the  similarity,  if  not  the  identity,  of  the 
ous  energy  and  electricity. 


CHAPTER  XXK 

ACTION  OF   ELECTRICITY  ON  VEGETABLES. 


Though  many  experiments  have  been  made,  and  mnch  im 
been  written  on  the  action  of  electricity  on  vegetables,  it 
be  confessed  that  little  information  has  been  hitherto 
Indeed,  the  aspect  of  the  sky,  and  its  electrical  state,  b 
variable  and  uncertain  in  this  country  to  make  it  easy  to 
trive  a  method  of  experimenting  that  would  elucidate  the 
ject.  This  accounts  in  some  measure  for  the  very  cootradie* 
tory  statements  that  have  been  given  by  different  electricinuw 
Electricity       It  is  obvious  from  numerous  experiments  that  electhcin 

acts  on  .... 

pUntauon  acts  on  living  plants  precisely  as  it  does  on  inanimate  mattcTK 
nuitcr?  ^  It  decomposes  the  saline  constituents  of  the  plant ;  the  mcA 
being  accumulated  round  the  positive  pole,  and  the  alkalia 
or  Imsctt  round  the  negative  pole.  Davy,  for  esamplr,  <•* 
ployinl  a  spri&r  of  mint  vegetatin^^  vigorously  as  a  mediam  oc 
comnmnic^ition  between  the  two  extremes  of  a  Voltaic  batur;* 
WircH  from  these  extremities  were  plungtnl  into  two  cup*  of 
di.Htilled  wutrr,  and  the  cups  were  united  by  meant^  of  tkr 
sprig  of  mint  dipping  into  each.  In  ten  minutes  pota»h  anil 
lime  appearetl  in  the  ne«rative  cup,  while  an  arid  which  pr^ 
cipitated  rhlorides  of  barium  and  calcium,  and  nitrate  rf 
silver,  wiu  found  in  the  positive  cup.  This  «iecumpoMa< 
powiT  \i^  so  strung;  that  electricity  has  Ikvu  t*niplo\ed  a»  s 
uu*anj«  of  aualy/in^  vcirrtabh*  lHHli«*9.  IVIIetirr  and  (^ourrV 
employed  \  oltaic  electricity  to  >how  that  picrotoiin  |iuur*94^ 
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the  character  of  an  acid.     Picrotoxin  combined  with  potash  Ch.  xxr. 
was  subjected  to  the  action  of  a  Voltidc  battery ;  in  half  an 
hour  the  picrotoxin  was  accumulated  round  the  positive  pole, 
and  the  potash  round  the  negative  pole.* 

The  consequence  of  this  decomposing  power,  if  the  action 
be  continued  long  or  the  battery  be  very  powerful,  may  be 
the  destruction  of  the  vegetable  so  treated.  Davy  subjected 
a  laurel  leaf,  during  five  days,  to  the  action  of  a  battery  of 
one  hundred  and  fifty  pairs.  It  became  brown.  The  chloro- 
phyllite,  resin,  alkali,  and  lime,  were  transported  to  the  nega- 
tive pole,  while  the  positive  pole  contained  round  it  a  quantity 
of  hydrocyanic  acid.  The  leaf  appeared  as  if  it  had  been 
exposed  to  the  temperature  of  500^  or  600o.t 

There  is  an  inconsistency  in  the  experiments  made  to  deter-  ^ISricit 
mine  the  effect  of  electricity  on  the  germination  of  seeds,  promotet 
Bertholon  and  lalabert  found  that  the  germination  of  seeds  tion. 
was  accelerated  by  electricity.  But  Ingenhousz,  having  placed 
mustard  seeds  in  grooves  cut  in  cork,  enveloped  in  blotting 
paper  and  swimming  in  a  cup  of  water,  placed  the  cup  with 
its  contents  in  a  charged  Leyden  jar,  and  established  a  com- 
munication between  the  cups  and  the  inside  coating  of  the 
jar.  The  jar  was  kept  constantly  charged;  yet  the  time 
which  these  seeds  took  to  germinate  was  just  the  same  as  that 
of  other  seeds  placed  in  the  same  manner,  but  not  electrified.  ^ 
It  has,  however,  been  shown  that  seeds  in  contact  with  the 
negative  pole  of  a  Voltaic  battery,  germinate  better  than 
seeds  in  contact  with  the  positive  pole.  This  follows  from 
the  numerous  experiments  of  Becquerel.  He  employed  only 
a  single  pair  of  plates.  When  the  seeds  were  in  contact  with 
the  copper  plate  they  germinated  sooner  and  more  vigorously 
than  when  in  contact  with  the  zinc  plate.  § 

Becquerel  has  shown  that  by  the  Voltaic  action  the  salts  Why. 
contained  in  the  seeds  are  decomposed,  the  alkali  or  base 
being  accumulated  round  the  negative,  and  the  acid  round  the 
positive  extremity :  hence  it  follows  that  the  presence  of  an 
gjkali  or  base  is  favourable  to  germination,  while  the  presence 

•  Ann.  de  Chim.  et  de  Phyg.  lir.  181.     t  Phil.  Trans.  1807,  p.  52. 
X  Jour,  dc  Phys.  xzzv.  81.        §  Trait6  de  rElectricite,  iv.  176. 
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P^M<  II.  of  an  acid  is  unfavourable.  Bulbs  in  this  respect  are  preeise 
the  same  as  seeds.  The  result  with  seeds  and  bulba  U  tl 
same,  whether  we  employ  a  single  pair  of  plates  or  a  Voltj 
battery. 

Becquerel  has  succeeded  in  ascertaining  the  reason  vl 
an  alkali  is  favourable  to  germination.  He  has  found  I 
numerous  experiments  that  during  germination  an  arid 
given  out  by  the  seeds ;  and  in  the  cases  examined  by  bii 
the  acid  given  out  was  the  acetic.  The  same  was  the  en 
during  the  germination  of  bulbs,  and  likewise  the  dcTclopmci 
of  buds.  This  acid  being  thrown  out,  must  of  course  be  ii 
jurious  to  germination :  hence  an  alkali  or  l>ase  by  saturatis 
this  acid,  and  of  course  removing  it,  must  be  favonrabk  i 
germination. 

G«rmiMt-       It  has  been  shown  by  Pouillet  that  when  seetis  nrmina! 

JrcBtfii-     they  become  negative.     The  reason  is  that  gennination 

*'^*  analogous  to  combustion.    When  seeds  germinate,  they  ab^n 

oxygen  gas  from  the  atmosphere,  and  emit  carbonic  a» 
Now,  the  carbonic  acid  evolved  is  positive,  just  as  it  t<  vbtf 
charcoal  is  burnt.  The  consequence  of  this  must  be  that  ti 
seeds  become  ncirativo. 

We  have  seen  in  the  laj»t  chapter,  that  the  oxrit;»Ml::\ 
the  inu^*los  of  animals  hv  eh»ctriritv,  was  ou  ini:  ti)  th**  r.-T* 
with  \ihirh  thoso  nmsclcs  are  supplied.    As  plant  •*  havi-  n»ri  - 
analogous  to  nerves,  few  of  them  can  bt*  excittnl  by  elr*  Tr.«- / 

Ki«rtriritj    The  sensitive  i»lant,  the  mimosa  puilica  and  nensihrfu  l:.i*  S" 

alTrrt^  the  1.1.  .         ,  ,  .      .  1  .• 

■^•iiiire      projH»rty  of  siuittin<r  up  its  leaves  wiien  irntattNl.      1  ':.:• 
**  "  the  nearest  apj)roach  to  museular  artion  kno\in  t**  e\i«t  i".  r. 

vesretable  kin£;dom.     \o\\,  (liulio  lound  that  uhen  \"i  i*- 

clectrieity  was  made  to  act  upon  the  branches  of  thi.-'-  \\'". 

the  leaves  were  shut  up  pn*eisely  as  when  the\  are  irrit.i!'-. 
It  is  obvious  that  the  lii|ui(ls  which  exist  in  \ejei.ilMr  - 

stances  are  not  all  «»f  the  same  nature.    Th*»  >ap,  U^t  in*!ir  ; 

lM*fore  it  nnder«:oes  tliirestion  .in  the  leases,  i«i  \it\  liirtirr 

from  the  true  sap,  or  nncms  prnpriuM^  contained    in  jmv.;'.; 

vessels  in  the  hark.      This  diversity,  sej>arated  as  the  li;u' 

*  Hcci|in  ril,  Tr.iitf  Av  rr.lrctricitr,  n     !»■',* 


ACTION  OF  ELECTRICITY  ON  VEGETABLES.  577 

s  in  plants  by  peculiar  membranes,  must  occasion  difiPerent  Ch.  XXL 

ctric  states,  and  of  course  produce  different  electric  cur- 

lis  when  the  circuit  is  completed.     This  is  well  exempli- 

1  in  a  beautiful  experiment,  for  which  we  are  indebted  to 

.  Donn^.*     He  introduced  one  of  the  platinum  wires  of  an 

ctro-multiplier  into  that  part  of  a  fruit  which  is  in  contact 

;h  the  stalk,  and  the  other  into  the  opposite  extremity  of 

J  fruit.     The  magnetic  needle  moved  15®,  20s  or  25o, 

^rding  to  the  fruit.     In  apples  and  pears  the  part  conti- 

3U8  to  the  stalk  was  plus,  and  the  eye  of  the  fruit  minus. 

the  peach,  apricot,  and  plum,  it  was  the  reverse. 

*  Becquerel,  Trut^  de  I'Electricit^,  W.  164. 
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evolves  electridty,  326 
Frog,  convulsions  in,  by  electri- 
dty, 434 

how  prepared  for  exhibiting, 
572 
connected  with  nervous 
energy,  573 
Fusible  metal,  expansion  of,  26 

Galvani,  discoveries  by,  436 
Galvani's  electrical   experiments, 

297 
Galvanic  pile,  improvements  of,  302 
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Gm»  what,  201 

abiorption  of,  bj  witer»  306 
coodentation  of,  204 
fpedfic  gravity  of,  202 
theory  of,  203 
Gaiet,  ezpannon  of,  6 

do  not  become  red  hot, 

243 
•pedfic  heat  of,  66 
toe  tame  with  respect  to 
indoctioo,  384 
Gajr-Lunac,    M.,   galTanic    dii- 

coreriet  hj,  309 
Germinatiiig  leedf  negative,  576 
Germination  promoted  by  nega- 
tive electricity,  575 

and  why,  576 
Gilbert,  Dr,  electrical  discoveries 

by,  291 
Glasgow,  rate  of  evaporation  in, 

219 
Glass,  expansion  of,  29 
Glow,  electric  404 
Glowing,  explained,  256 
Gray,  Mr  Stephen,  electrical  dis> 

coveries  by,  292 
Gymnotus  eiectricus,  566 

electric  organs 
of,  567 

Hare,  Or,  improvements  in  Voltaic 
battery  »»y,  461 

his  buttery,  465 
HaukslMM*,    eloctrical    discoveries 

by,  291 
Heat,  what,  3 

celerity    uf   communication 

of,  Mi 
eff«?cts  of,  5 
c\t>lvcii   %»li«*n   air    is    con- 

donM.-«l,  109 
cvolvei  «-lectricity,  417 
from  a  bloi* .  :tt^> 
from  anhydrous  salM,  Ni 
fr«im  combuftion,  257 
from  friction,  284 
fr(»m  mixture  of  lii|uid«  ac- 

ciiunti'd  f(ir,  76 
fniro  volar  ray,  2-14 
latent,  163 

tabic  (tf.  ItV* 
of  watiT,  \yj 
oftt<nun,  194 
of  vapours,  20* » 


Heat,  matheaMOical  tbcoriei   of, 
288 
natnre  of,  281 
pohutxed,  139 
radiates  throagh  solida,  lli 
radiation  of,  115 
refracted  doubly,  139 
specific  52 

detenmned  by  mix- 
ture 59 
determined  by  the 
tioM  of  eooliag, 
61 
incrvaMs  witli   Ike 
temperatnre,  74 
Heats,  specific  tables  of,  63 
Henwooas  experimenta  oa 

rents  in  veins,  540 
Hiringer,  M.,  galvanic  <fiieov* 

by,  305 
Hooke,  Dr,  oonbastkMi  explained 

br,  273 
Hydrogen,  combostioo  oC  cWuii- 
dtyby,  443 

considered  as  phkgis- 

too,  276 
electrical  position   of, 

439 
renders  platiauB    rtd 
hot,  267 
Hygrometers,  216 

Ice  artificial  formation  of,  144? 
Ignition,  242 
Inclination  of  needle,  493 
India,  evaporation  in,  221 
Induction,  326,  381 

explained,  382 
Insulation,  321 

Iodides,  formation  of,  516,  518 
Ions,  452 

Uble  of,  454 
Iron  not  magnetic  when  wbtle  bot. 
500 

Kirwan's  thcoryJofcombiuticMi,  276 
Kite,  electrical,  550 

Latent  h«'at  explained,  160 
l^voisicr's  theory  of  ctMnbvsbua. 

277 
l^ydt*n  jar.  thettry  of,  386 
Li^ht  alMorbeil  liy  mott  bodic**  25*' 
heats  bodies,  244 
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Light,  electric,  by  condensation  of 
lur,  406 

ascribed  to  union  of 
the    two  electri- 
dties,  409 
resembles  the  light 
of  burning  bodies, 
405 
same  as  solar,  405 
Lightning  identical  with  electri- 
city, 547 
Lime,  carbonate    of,  crystals   of 

formed,  522 
Liquidity,  Irvine's  explanation  of, 

91 
Liquids,  expansion  of,  10 

may  be  congealed,  151 
point  of  maximum  density 
of,  19 

Madeira,  rate  of  eraporation  in, 

220 
Magnet,  what,  487 

artificial,  487 
rotations  by,  317 
Magnetic  equator  of  a  sphere, 
508  . 

intenaty,  502 

tables  of,  503 
Magnetism  communicated  by  an 
electrical  spiral  wire,  313 

proportional  to  the  sur- 
&ce,  508 
Magnets,  electric  properties  of,  509 
Mahon,  lord,  electrical  discoveries 

by,  298 
Malleability,  cause  of,  175 
Mayow's  theory  of  combustion, 

273 
Melloni*s  experiments  on  heat,  131 
Melting  points,  152 
Mercury,  history  of  congelation  of, 
49 

freezing  point  of,  51 
Mesotype,  electrical  properties  of, 

428 
Metals,  conducting  power  of,  373 
precipitated  on  metals,  515 
reduced  by  weak  electrical 
currents,  532 
IkOneral  bodies,  conductibility  of, 

537 
Moon*s  rays  not  hot,  246 


Needle  deflected  by  motion,  509 
Negative  bodies,  table  of,  438 

electricity,  328 
Newton,  Sir  Isaac,  hypothecs  of, 
respecting  the  cooling  of  bodies, 
100 
Nicholson,  Mr,   electrical  disco- 
veries by,  299 
Nickel,  a  magnet,  509 
Non-conductors,  322 

soHd,  becoming 
conductors  after 
fusion,  376 
remaining  non- 
conductors after 
fusion,  377 
Non-electricsy  321 

QSrsted,  M.,  magnetic  properties 
of  electric  battery  discoTer^ 
by,  311 

Oxides,  crystals  of  formed,  526 
reduction  of,  523 

Percussion,  heat  from,  286 
Phlogiston,  274 

considered  as  fixed  light, 
275 
Phosphorescent  bodies,  249 
Phosphorus,  expansion  of,  27 
PUe,  Voltaic  457 

dry,  310 
Plants,  etiolated,  119    ' 
Plates,  large,  effect  of,  471 

number  of,  effcict  in  Voltaic 
battery,  470 
Platinum  maintains  combustions, 
266 

balls,    action    of,    on 
gases,  269 
Points,  why  electricity  is  disripated 

by,  366 
Poles,  magnetic,  487 
Positive  bodies,  table  of,  438 

electricity,  325 
Prehnite,  electrical  properties  of, 

428 
Pressure,  electricity  by,  429 
Pyrophorus,  Canton*s,  251 
Pyrometer,  Daniell's,  46 

Wedgewood*s,  45 

Radiating  power  of  surfaces,  125 
Radiation  of  heat,  1 15 
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Radiation  of  hait»  theory  of»  141 
Kaia  torpedo,  66)1 
Raia  torpedo,  electrical  oigant  of, 

563 
cfaemical  nature  of, 
565 
Rain,  annual  fiOl  of»  225,  327 

in  Britun,  227 
excctiiTO  evaporation,  228 
formaUon  ofy  234 
gange,  285 
Rainy  days,  number  of,  227 
Rare»ction>  effects  of,  on  burning, 

264 
Rayf»  chemical,  1 19 

•olar,  heating  power  of,  1 16 
illuminating  power  of^ 

117 
Reaumur's  thermometer,  40 
Red  heat,  242 
Re6ection  inversely  as  radiation, 

129 
Repulsion,  electric,  law  of,  346 
Resinous  electricity,  325 
Richmann  killed  by  elcctridty,  54^ 

account  of,  550 
Rod*  intensity  of  electricity  on, 

551 
Rose*s  fusible  metal,  expansion  of, 

26 

Safety  valve,  181 

Sal   ceiiiiiio  traiismitii   the   whole 
beat,  134  | 

Saline  solutions,  conducting  pnwi-r    | 
of,  380 

Sanctoriu'ji  thrnnometer,  35 

SchoeIe*s   theory   of  eombustiiui, 
276 

Sensitive  filatit  aH'ected  by  electri- 
city, 576 

Silurus  elt'etricuA,  570 

oripins  of,  57 1 

Sky,  blue  i*«>lour  of,  ei|>lain«r<l,  231^ 

Soft  anil  tiKm^y  bodied,  «ihy  biid 
eondiietors  ol  liinit.  104 

Solids,  ei|iuii«inii  of,  '27 

nu)  be  t'ii!M>«l,  Mfl  ■ 

Spark,  electric,  3iNi  i 

apfH'iirances  of.  l\W    \ 
eH«H:t  «»f  KAsr*  on,     ] 

i'aruib^'o     ••|>ir>i«»ii 
ii|.'  :«»7 


S|iencer*s  method  of  engraviag  in 

relief  by  electricity,  545 
Spbene,  electrical  properties  oC 

428 
Stahl's  theory  of  combustion.  274 
Stanhope's,  lord,  c^firrinients  on 

electric  atmoipheres,  952 
Steam,  176 

engine*  183 
expansion  of,  8 
high  pressure,  181 
theory  of,  194 
Sugar,  action  of,  on  oxide  of  oo;w 

per,  523 
Sulphurets,  517 

Supporter  of  combostion,  what. 
253 

number  of,  255 
Surface,  effects  of,  in  cooUnir,  121 

Tension,  397 

Tetrudon  electricns,  570 

Thenard,  galvanic  discovenc*  bv. 

309 
Thermo-electric  rotation,  424 
ThemKM!lectricitT.  418 
Thermometer,  ditferential,  122 

discovery  «>f,  35 
range  u/,  24 1 
Thermonieten,  how  nude  to  «:«>r< 

respond,  37 
Thunder  clap,  nature  ot.  S^'» 

storm,  de^Ttfiiivn  ot'.  .Vki 

explanation  i»l,  Jki4 

Topaz,    ehHTtricil    pro|iertit<»    •  f. 

428 
Tor|K.*do,  502 

Tourmalin,  electric  |tro|iertit^  kI. 
422 

oxpltincd,  42C 
TraniK^alurio  (Mdit-s,  132 

Vactium  di»-M|iatfs  elcdricitv.  :* J 
Vallt:*,  nu  rain  in,  234 
Va(M>riration,  175 
Vapour,  force  of,  '2\0 

quantity  of.  in  ih«*  Atsr - 
«phens  how  dtlcm.-.n*-'.. 
213,  217 
sftecific  cra\ity  i-f.  I'.* J 
of  vkSftT.  elx'^tieitr  ttf.  Ik« 
V,i|»uur«,  176.  llM 
Variutiitn.  lUily,  41*1 

of  tht.  iKX<dlt .  4N^ 
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Variatioii  of  the  needle  accounted 

for,  490 
Vegetablesy  action  of  electricity 

on,  574 
Vegetation^  electricity  by,  445 

promoted  by  negative 
electricity,    575  — 
and  why,  576 
Veins,  metallic,  currents  in,  536 

origin  of,  534 
conjectures       on 
their  formation, 
541 
structure  of,  535 
Vicinity  of  copper  and  zinc  plates 
improYCs  the  VolUuc  battery,  469 
Vitreous  electricity,  328 
Volatile  bodies,  177 
Volta,  discoveries  by,  438 

discovers  the  pile,  297 


Voltaic  pile,  456 
Voltameter,  483 

Water,  absorption  of  gases  by,  205 
as  a  conductor,  effect  of 
various  additions  in,  479 
expanrion  of,  12 
point  of  maumum  dennty 
of,  19 
Wedgewood*8  pyrometer,  45 
Wires  heated  by  electricity,  480 
Wollaston's  improvements  of  Vol* 
ta*s  pile,  461 

Zero,  real,  how  investigated  by  Ir- 
vine, 76 
Zinc*  ^ects  of,  in  Voltaic  battery, 
468 

silicate  of,  electric  properties 
of,  428 
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